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Atoms and Ions—I° 


A Comprehensive Discussion Especially as Related to Gases 


Tue subject selected by Sir J. J. Thomson, O.M., 
F.R.S., for his course of lectures this session at the 
Royal Institution is ‘“‘Recent Researches on Atoms and 
lons.”’ 

In his opening remarks, the lecturer said that in dis- 
cussing the results of some recent investigations into the 
properties of molecules and ions, it was, at this stage, 
unnecessary to comment on the meaning attached to the 
word “molecule,” but it might be well to define the 
sense in which he should use the word “‘ion.”” There was 
reason to believe that every charge of electricity, how- 
ever large, was built up of a great number of unit charges, 
all equal and similar, and that we could not—do what 
we would —sub-divide further these small units. A unit 
of electricity was accordingly a perfectly definite thing, 
and by ion was to-be understood something which carried 
one, two, or some other small number of these unit 
charges. The character of the ion was determined by the 
charge carried rather than by the nature of the body 
serving as carrier. The charges, for example, might be 
carried by corpuscles, by atoms, by molecules, or by 
larger aggregations; in fact, particles of dust acted-in 
some cases as genuine ions. He should, as stated, limit 
the term “ion” to cases in which the total charge carried 
was at most a small multiple of the unit charge, and not 
apply it to bodies containing, say, one hundred or one 
thousand of such charges. 

The conception of the ion was due to Faraday, who 
was led to it by his researches on electrolysis. The 
name was due to Whewell, who was called in by Faraday, 
as an expert in nomenclature, to give a name to the in- 
fant idea. Whewell further distinguished ions as 
“anions” or “eathions,” according as the charge carried 
was positive or negative. These terms had, however, 
almost dropped out of use, and it was now more custom- 
ary to use the terms “positive” or “negative” ions, as 
leading to less chance of confusion. 

It was very difficult for those who had been familiar 
with the notion of ions almost from the commencement 
of their study of physics to realize how enormous was the 
step made by Faraday when he introduced the idea. 
li was only by stepping backwards, and noting what 
physies would be without this conception, that one could 
appreciate the enormous stride made. 

Faraday’s ions were ions in liquids, but in this course 
of lectures the speaker intended, he said, to give atten- 
tion mainly to the ions found in gases. The study of 
ions in gases was, in fact, far easier than that of ions in 
liquids, and accordingly much more was known about 
them, although those in liquids had been studied for a 
much longer time. We could, in fact, form a much 
simpler conception of the structure of a gas than of that 
of a liquid, and could accordingly conceive a better 
picture of what was likely to go on within it. We could, 
moreover, alter more easily the conditions of an experi- 
ment. It was, for example, quite easy to reduce the 
pressure of a gas to one millionth of its original value, 
while it was not possible to vary the conditions in a 
liquid to anything like the same extent. 

In the experiments he proposed to bring before the 
meeting he intended to use an electroscope of a type 
devised by Prof. Zeleny, of Yale, which, for lecture 
purposes, possessed very many advantages. The prin- 
ciple of the instrument was very simple. In Fig. 1, R 
denoted a plate coupled up to one terminal of a battery 
giving 100 volts P.D., the other terminal being earthed. 
In front of this plate was a strip of gold leaf G, which, 
it would be seen, was given a quarter twist, so that its 
edge, and not its side, adjoined the plate. This gold 
leaf was coupled up to the top plate P, above which was 
a collector L, connected to earth. 

On coupling up the plate R to the battery, the gold 
leaf was first attracted up to the plate, and receiving a 
charge from the latter, was repelled. If any leakage of 
current took place between the top plate P and the col- 
lector L, the gold leaf lost its charge, and in consequence 
was attracted up to the plate again, to be again repelled. 
So long, therefore, as leakage was taking place between 
the top plate and the collector, the gold leaf would con- 
tinue to oscillate up to the plate and away from it again. 

A difficulty met with in embodying this principle in 
a satisfactory instrument was the liability of the gold 
leaf to stick to the plate when it touched it. This was 
one reason for mounting the gold leaf edgewise, but, 
even so, were the surface of the plate clean metal, a cer- 
tain “‘coherer”’ action arose when the gold leaf touched 
it, causing the leaf to stick and preventing its repulsion. 
He had found, however, that this difficulty could be 
overcome by pasting on the plate paper treated with 

* Reproduced from Engineering. 
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Indian ink. This was quite a good enough conductor, 
and the gold leaf would not stick if the ink used was free 
from too large a proportion of gum. While advantageous 
for lecture purposes, the instrument could, by suitably 
adjusting the distance between the leaf and the plate, be 
made almost as sensitive for laboratory purposes as the 
Wilson eleetroscope. 

He should, he continued, use the lecture form of the 
instrument to illustrate the existence of ions and some 
of their properties. Charging up the instrument, he 
showed that with ordinary air between the top plate 
and the collector there was no appreciable leakage, the 
gold leaf being steadily repelled from the plate. If, how- 
ever, the lecture were to last for a day instead of an hour, 
some leakage would, he said, be indicated, as ordinary air 
possessed some conductivity, though but on a very small 
seale as compared with the conductivity of gases treated 
in special ways. Lighting a match and letting the hot 
gases flow past the electroscope, the lecturer showed 
that the leaf began to oscillate, demonstrating that the 
products of combustion were capable of carrying away 
the charge from the electroscope, the leaf oscillating 
backwards and forwards several times a minute. Another 
method of putting a gas into the conductive state was, 
he-proceeded, to pass it over a radio-active body. Placing 
a little polonium in a tube, and blowing it through this 
tube on to the top plate of the eleetroscope, Sir Joseph 
Thomson showed that the leaf was again set in oscilla- 
tion. 

He next modified the experiment by passing the 
air, after exposure to the polonium, through a metal 
tube, having a central wire connected to one pole of a 
battery and its wall coupled to the opposite pole. On 
its way to the top plate of the electroscope the air blown 
over the polonium had thus to traverse tbe electric field 
between the central wire and the tube wall, and he showed 
that the air thus treated was incapable of affecting the 
electroscope, while on destroying the electric field it 
again set the gold leaf into oscillation. Hence the con- 
ductivity conferred on the air by the polonium must be 
due to something which could be filtered out by the action 
of an electric field. This experiment afforded a convine- 
ing proof that the conductivity in question was due to 
€ ed particles mixed up with the air. That these 
charged particles were manufactured out of the air 
itself could be shown by making use of a glass vessel 
containing two electrodes, one coupled up to the elee- 
troscope, and the other to the earth. When this was ex- 
posed to Réntgen rays, the motion of the gold leaf 
showed that the air inside the bulb had become a con- 
ductor. On the other hand, if the air were removed by 
exhausting the vessel, there was no leakage. 

Holding a little polonium near the top plate of the 
electroscope, the speaker showed that the effect of the 
polonium was limited to a definite range. If the polon- 
ium were more than a certain distance away, the gold 
leaf was unaffected; while it oscillated actively if. this 
critical distance were decreased by a few millimeters. 

Réntgen radiation was, he continued, only an extreme 
form of light, and it was therefore of interest to de- 
termine whether other forms of light-had the property 
of producing ions. It was found that quite definite 
effects could, in fact, be produced by light, these effects 
varying with the quality of the light employed. 

Placing a piece of polished zine on the top plate of the 
electroscope, the speaker focussed on it, by means of a 
quartz lens, the light obtained by sparking between 
two zine points, and showed that in this case the gold 
leaf was set into oscillation if the zinc was negatively 
charged, but that the charge was retained when the 
polarity of the electroscope was reversed, making the 
metal positive. Under the conditions of the experiment 
the metal could, in fact, lose a negative charge, but not a 
positive one. The effect, he added, was due to ultra- 
violet light of “‘a moderate character,” capable of passing 
through a considerable space in air without great ab- 
sorption and of being focussed by a quartz lens. It 
could not, however, pass through glass, the action being 
entirely stopped by interposing a sheet of glass between 
the spark-gap and the quartz lens. 

Replacing the zine by a piece of polished brass, the 
lecturer showed the effect was much Jess marked, the 
leaf oscillating much more slowly. 

The ultra-violet light, which thus produced these 
ions from metals, was not, the speaker proceeded, capable 
of making a gas conductive, but there was another kind 
of light which had the power of ionizing gases. This, 
known as Schumann light, was of extremely short wave- 
length, 4 being equal to about 1,200 Angstrom units, 
while the light which ionized the zine, in the experiment 


previously shown, had a wave-length 4 of about 2,0 
Angstrom units. 

This Schumann light was, Sir Joseph said, very diftiey} 
to work with, most bodies being practically opaque to it, 
and air at its ordinary pressure would stop it within the 
distance of 1 or 2 millimeters; hence experiments could 
not be made in the open. In fact, in the experiment 
with the zine, Schumann light was actually produced a& 
the spark-gap, but was all absorbed by the surrounding 
air, and to get any effect from it, it would have bee, 
necessary to have had the plate almost in contact with 
the spark. So far as he knew, white fluorite was the 
only solid reasonably transparent to the Schumann rays, 
and in this respect the fluorite varied much in quality, 
some specimens being much better than others apparently 
identical. Colored fluorite was useless, 

To produce the Schumann light, he could use a tube 
devised by Prof. Lyman, and represented in Fig. 2. It 
consisted of an exhausted bulb, divided into two com- 
partments, communicating through the eapillary tube A. 
Around this tube was arranged the ring electrode B, 
the other electrode being at C. The top of the tube was 
covered by the plate of white fluorite PF. On coupling 
up the tube to a coil, a discharge of considerable intensity 
passed through the capillary tube, and Schumann rays 
were given off, which passed through the fluorite plate. 
Setting the coil in operation, and blowing air across the 
top of the fluorite plate, Sir Joseph Thomson showed 
that this air was ionized, and was capable of discharging 
an electroscope. The great opacity of air to the rays 
was shown by deflecting the blast so that it passed some 
few millimeters above the plate, in which case it acquired 


Fig.l. 2 


(4320) 


very little conductivity. A quartz plate placed on top 
of the fluorite destroyed all signs of conductivity, the 
quartz being opaque to the Schumann rays. 

This ionization of gases by ultra-violet light touched, 
Sir Joseph said, on a most interesting part of his subject— 
viz., the connection between ordinary light and Réntgen 
rays. The latter ionized all gases to some extent, while 
he thought pure helium would be immune to the action 
of Schumann light, helium being, in fact, one of the hard- 
est of all gases to ionize, probably just outside the limit 
at which ionization by the Schumann radiation was 
practicable. 

There was, he said, still another method of producing 
ions in gases. The gases given off by heated metals, 
were, in fact, ionized, positive ions being produced 
mainly at low temperatures, and negative ones mainly 
at a white heat. 

[Nore.—A correspondent of Hngineering makes the 
following comment: The lectures now proceeding at 
the Royal Institution recall the subject of steam con- 
densation, where ions form the nuclei, which appear 
the real incentive to steam to condense upon. The sec- 
ond of Sir J. J. Thomson's lectures especially is preg- 
nant with this particular phenomenon, and I fancy to 
see again the future electrical condenser for steam en- 
gines or turbines, which is neither a surface nor 4 
mechanically operated injection condenser. To me it 
appears that if a receptacle, or cavity, is filled with 
a plentiful supply of free ions, sustained condens: tion 
might be accomplished, possibly more efficiently so (han 
hitherto. ] 

(To be continued.) 


” Lassen Peak Eruptions.—According to the Bulletin 
of the Seismological Society of America eighty-four 
eruptions of Lassen Peak occurred between the first 
outbreak on May 30th, 1914, and March 22d, 1915, 
or an average of one eruption every 3.5 days for the total. 
From May 30th to August 23d, 1914, the average inter 
val between eruptions was 2.7 days, while from the latter 
date to March 22d, 1915, the interval averaged 4 days. 
Thus it seems that the activity of the voleano is dimim 
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Why Vocational Guidance? 


Misdirection of Abilities Avoided and Future Success Made More Certain 


Tue folks will tell you that when they went to school 
they had none of the new-fangled frills and vocational 
guidance, and they got along just as well—and some 
think even better. Which only means that they don’t 
know what they missed. The individual’s perspective 
does not allow him to be a judge of whether the changes 
that have come about in his generation are on the whole 
advantageous or otherwise to the community. But 
adequate records enable us to compare conditions at 
various periods and judge whether the community has 
gained or lost, without regard to what happened to this 
or that particular individual. 

Our economic relations have undergone such rapid 
changes since the Civil War that most adults have not 
had time to re-adjust their mental attitudes to the new 
enditions. And the younger people are dominated by 
the phrases and traditions of the past. This is illus- 
trated by the complacence with which we assume that 
all one needs for getting started in life is a “job.” Or 
by the fact that so many of us acquiesce in the doctrine 
that the trouble with the unemployed is that they have 
not found their jobs. Or by the currency of the notion 
that young men can go to some vague “West” and 
gow up with the country, and make a fortune as 
fortunes were made in the past. It is these funda- 
mental economic changes that have brought us sud- 
denly the problem of vocational guidance, as well as the 
need for a complete reorganization of our whole school 
system. 

The former drift into vocations, chiefly along the 
lines of family usage or neighborhood custom, is for 
the mass of our younger people no longer possible. The 
occupations themselves have disappeared in the trans- 
fer of production to the factory. The neighborhood 
artisans have disappeared in the shifting of populations. 
The variety of experiences has disappeared in the 
simplitication of processes. 

There are no longer industries carried on in the home 
where the children can learn the rudiments and acquire 
skill through incidental participation. With the con- 
centration of the specialized work in the factories, the 
apprenticeship system has died out. And with the 
simplification of individual processes trades have lost 
their identity and have thus been lost from the atten- 
tion of the young men and women destined to occupy 
them. 

Especially noteworthy is the situation in the larger 
city and in the manufacturing town. A combination of 
economic forces has brought about a condition in which 
there is a demand for “‘jobs” on the part of an army of 
young boys and girls and in which there are hundreds 
of jobs that can be as well filled by these untrained 
children as by older men and women. The family’s 
neds compel the sacrifice of many considerations, 
including the vague “future” of the children, to the 
opportunity for immediate earnings. : 

Accordingly, boys and girls leave schools woefully 
lacking in even the rudiments of an “education” and 
eter these occupations that lead to nothing. They 
run elevators or errands, they wrap chocolates or par- 
cls, they open oysters or stem cherries, they ‘tend 
stands or sweep offices, they paste labels or pull basting 
threals, they do a thousand other things while they 
are rapidly outgrowing their native plasticity and the 
tapacity to aequire greater skill and new ideas, while 
they are rapidly forgetting what they learned of the 

*From the Middle West School Review. 
tSecretary Vocational Guidance Association of New York. 
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“three R’s,” and while the sources of youth’s idealism 
are drying up. 

With our schools standardized under the age-long in- 
fluence of the university, the children attending high- 
schools for a longer or shorter period have, in most cases, 
merely a larger amount of certain kinds of learning. 
But they have not any more knowledge or experience 
of the kinds necessary to prepare them either for par- 
ticular occupations or for intelligent choice of an ocecu- 
pation. Indeed, whatever influence the high schools 
have had has been in the direction of prejudicing pupils 
in favor of professional work, with clerical work as a 
close second. 

We do not need to enter into the internal causes 
that have hitherto produced these results. The net 
result is that the young people leave school under 
conditions that permit only a small fraction of them 
to enter upon occupations for which they are naturally 
fitted, or for which they have the opportunity to pre- 
pare themselves. 

In the meanwhile our professions have become over- 
crowded, so that the average income of a lawyer or a 
doctor in this country is less than the average income 
of a good mechanic. In the meanwhile our industries 
have actually felt the lack of skilled workers to a very 
serious degree. In the meanwhile the mass of workers 
go forth to their labors with the certainty of failure 
before them. 

It is in these complex circumstances that the voca- 
tional guidance movement has its source and its justi- 
fication. There is need for training up young men and 
women for work that has to be done; but there is also 
need for selecting the young men and women for their 
occupations upon a basis more adequate than their 
random distribution in space and time. It is impossible 
through resolution or legislation to abolish the “blind 
alley’’ occupations. We can warn young people against 
entering such occupations; we can warn parents against 
letting their children enter such occupations, and we 
ean legislate against the employment of girls and boys 
at too early an age. 

Our warning to the young people will be counter- 
acted in part by the specious plea that “going to work 
will make a man of Johnny.” Our warning to the 
parents will have to meet the pressure of economic 
necessity in from one-fourth to one-third of the cases. 
Our attempt to legislate for the protection of the youth 
will meet the organized opposition of all who profit from 
the exploitation of children and low-grade labor gener- 
ally. 

On the side of the pupils in the schools, there is need 
for recognition of the fact that admiration for a hero 
is no indication of qualification to follow in his foot- 
steps. It takes more than ambition and imagination to 
make an artist. Arthur has both, but is unfortunately 
eolor-blind and will have to forego color work. The 
fact is that we have made but a bare beginning in the 
direction of analyzing the nature of the child with a 
view to finding out what kinds of work he may qualify 
to do. But there is a great need for a development of 
teehnique and an organization of simple methods that 
ean be applied by every teacher to the children under 
her immediate charge. An indication of the wide- 
spread appreciation of some such need may be seen in 
the fact that so many charlatans succeed in separating 
people from their money by promising to read their 
characters and special abilities, ete., in the stars, in the 
palm of the hand, in the bumps on the head, in the 


twists of the hand-writing and in the latest photograph. 
The world is eager for the blessing of knowing what 
each can best do—a blessing that is denied to most of 
us. It is the aim of vocational guidance to assist in the 
wider extension of this great blessing. 

Many steps have been taken toward the establish- 
ment of vocational guidance on a comprehensive plan. 
But the various steps have not all been taken by any 
one community or school system. 

The gathering of information or the making of “‘sur- 
veys”’ seems to be the first step. Many of the sur- 
veys already made in various centers of industry will 
yield information as to the conditions of work in certain 
occupations. Such information needs to be constantly 
brought up to date by means of direct contact with the 
industries and by means of permanent census work 
earried on by departments of labor and commeree, in- 
vestigations of pubic commissions and of social workers. 
The best surveys so far made have been conducted 
under the auspices of the Russell Sage Foundation. 
The results of these investigations are unfortunately 
unavailable for the children in school or even for most 
teachers. There is needed a series of simple sum- 
maries of these surveys that can be placed in the hands 
of pupils and teachers. 

The training of teachers in the use of statistical and 
other reports on economic and social conditions is 
another step forward. Psychologists are conducting 
experiments with a view to devising formal tests that are 
on the one hand simple enough to be used by ordinary 
teachers working with children in large numbers, and 
on the other hand searching enough to indicate, at least 
in a general way, the main types of capacity possessed 
by children in such varying degrees. 

Many cities and towns have established differentiated 
courses of study in the upper elementrary grades, cal- 
culated to give girls and boys a chance to “try out” 
their varying powers in actual work. This movement 
is likely before long to become a commonplace in all 
progressive school systems. Indeed, the great educa- 
tional revolution in the near future is most likely to 
modify the school course in such a manner, that from 
term to term the individual child will be showing the 


. teacher just what he can do best, and just what he 


needs most to be taught. 

A consideration of all that is implied by vocational 
guidance must be of interest to every social and eco- 
nomic reformer, as well as to the progressive teacher. 
If we can imagine the schools so organized and con- 
ducted that each child’s abilities are early recognized 
and then fully developed, that each child stays in 
school and does useful, educative work to the age of 
eighteen years or later, we can see some of these im- 
plications. We should in the supposed case be con- 
fronted with the fact that the public school trains each 
child for useful service, while the public has not the 
means to assure to each of its graduates an opportunity 
to exercise his talents and skill. In the second place, 
we should be confronted with the alternative of refus- 
ing to ruin children by sending them into occupations 
that are obviously destructive of the best in human 
life, or of refusing to ruin the industries by withholding 
from them the children. At present neither the public 
at large nor the teachers in school recognize that this 
choice of courses lies before us. When the study of 
vocational guidance becomes the serious concern of the 
public schools, society will become conscious of some of 
its basic troubles. 


Whetstones in the United States National 
Museum 


Nor many people realize that there is a special sort 
of whetstone for nearly every purpose. The proper 
sharpening stones or abrasives for use in various pro- 
fessions and trades and in household work are exhibited 
in the division of mineral technology of the United 
States National Museum at Washington, D. C. 

Probably the first stone used for abrasive purposes 
Was sandstone, and it is still used to-day. Its coarse 
grit und even grain first attracted attention, while the 
tough edge that it gave was all that was then required, 

The hard, white, compact sandstones found near Hot 
Springs, Arkansas, are among the best whetstones 
own, equaling, if not surpassing, the Turkey stone 
Vhich for years has been considered one of the best. 
This Arkansas stone is known as Novaculite, and occurs 
two or three grades, suitable for use with certain tools. 


The hard, flint-like stone should be used only to sharpen 
instruments made of the very best steel, requiring very 
keen edges and points, such as those used by surgeons, 
dentists, and jewelers. Other grades, although com- 
posed of the same ingredients, are more porous, the sand 
grains are not as close together, and a rougher edge is 
given to the sharpened tool. Because of their more 
porous nature, these stones cut faster, proving suitable 
for the finer edged tools of carpenters, machinists, and 
engravers, and for honing razors. 

Indiana and Ohio supply a whetstone made from a 
sandstone of a coarser grain than the Novaculite of 
Arkansas, but nevertheless quite uniform. It may be 
used with either oil or water, and is useful for sharpening 
household cutlery, penknives or ordinary carpenters’ 
tools. But since it is easily cut and grooved by hard 
steel, the fine instruments of dentists and surgeons should 
not be edged or pointed on this stone. 


Seythestones and mowing machine stones are prac- 
tically all made from mica schist rocks found in New 
Hampshire and Vermont. These rocks are generally 
of a dark gray color, and composed of very thin sheets 
of mica and quartz crystals interlaminated. The grit 
of the schist is not as sharp as that of the sandstone, 
because it contains foreign material other than silica 
which prevents the quartz grains from abrading freely. 
Mica schist stones wear down quickly from constant 
use—an advantage rather than a disadvantage, for 
as they wear down, more of the hard silica grains are 
exposed to do the sharpening, Neither oil nor water 
is needed to keep the pores of the stone open as with 
other whetstone rocks. Scythes require stones with 
these qualities. Some of the fine grained schists 
which produce well finished edges are made into 
carpenters’ bench stones.—Bulletin of the Smithsonian 
Institution. 
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The United States fleet collier “Jupiter” has thirteen cargo holds to be used both for oil and coal. She is distinguished by her peculiar booms and transfer 


rigging supported from towers. 


Coaling United States Warships 


By Special Vessels With Ingenious Fittings to do the Work Rapidly 


Coat is as necessary to a battleship as gunpowder, 
for without power of propulsion it can neither chase an 
adversary, nor protect itself by maneuvering to avoid 
dangerous positions; and as the fleets of the United 
States are liable to be required to operate for long 
periods of time at a considerable distance from any 
port where a supply of coal could be procured, even if 
a vessel could take the time to go to a port, our Navy 
Department has devoted a great deal of time and study 
to the development of a system by which the necessary 
fuel could be furnished to its fighting ships at any 
place and promptly enough to maintain their efficiency. 

A number of extemporized colliers fitted with vari- 
ous systems for handling and transferring coal have 
been experimented with at various times, but since 
1908 a fine fleet of vessels of this class, equipped with 
improved apparatus has been developed, and one of the 
largest and best of these, the “Jupiter” is illustrated. 
This ship has a displacement of 20,000 tons, a speed 
of fourteen knots, and can carry a cargo of nearly 
10,000 tons of coal, besides a large quantity of fuel 
oil. To accomplish this a number of the compartments 
into which the hold is divided are made oil tight to 
enable the liquid fuel to be carried. Besides these sev- 
eral compartments of the double bottom have also been 
made oil-tight. There are thirteen holds for coal and 
oil, the liquid fuel being carried in eight of these, ar- 
ranged in pairs on each side of a forward and aft 
bulkhead, with the necessary cofferdams. The holds 
for coal, however, extend the whole width of the ship, 
being of the self-trimming type. The propelling machin- 
ery is arranged aft, and the coal bunkers are between 
the cargo holds and the machinery compartment. The 
total cargo capacity is 966,265 gallons of oil and 9,856 
tons of coal, or, alternatively, 405,617 gallons of oil 
and 11,377 tons of coal. 

The Navy Department now has seven vessels of this 
type and capacity, besides several others of six and 
eight thousand carrying capacity. There are also now 
under construction two fourteen thousand ton vessels 
built especially for carrying fuel oil, each with a capac- 
ity of 7,500 tons. 

The apparatus for handling the coal, and transfer- 
ring it to another vessel consists of a series of steel 
framed towers, seven of which are erected in the waist 
of the ship, one between each pair of cargo hatches, and 
an additional one on the after superstructure, to serve 
the after hold. Between towers six and eight there is 
a fore-and-aft trolleyway of semi-box girder construc- 
tion to enable the coal from the aftermost hold to be 
transferred to the No. 1 bunker, either for trimming 
purposes or to furnish fuel for the vessel. At each cor- 


ner of these towers is fitted a strong boom 55 feet 
long by means of which coal can be delivered twenty 
feet beyond the side of the vessel, and at a height 
that will clear the superstructure of any existing bat- 
tleship. 

When not in use these booms are topped up vertically, 
close to the towers, where they are secured by pins and 
wire preventer stays; but when handling coal they are 
lowered to a suitable angle, where they are supported 
by wire topping lifts, and held in their fore and aft 
positions by wire rope guys. Across from the tip of 
one boom to that of the opposite boom on the same 
side of the tower extends an athwartship cable-span 
that acts as a track for the trolley from which the one- 
ton clam shell bucket is suspended, and by means of 
which the bucket may deliver on either side of the 
ship. For each pair of booms, with their trolley and 
bucket, there are two operating winches, located with- 
in the base of the tower, one of which has two drums 
for opening and closing and for holding the bucket, 
while the other winch has a single drum for travers- 
ing the bucket from one side to the other. Two men 
are required for operating each bucket, and they are 
stationed on an elevated platform in the tower from 
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which they have a clear view of all the operations, 
with the operating levers convenient at hand. 
Starting with the bucket open and on the coal 1 
the hatch, the operation is as tollows: The bucké 
operator puts his right foot on his throttie and sta 
his engine, then throws in with his right hand 
opening and closing drum, which pulls the bucket 
gether, then throws in with his left hand the holdin 
drum, and the two drums hoist the bucket to the desir 
height; he then takes his foot off the throttle 
stops his engine. 
have his links thrown in the proper position, and whe 
the bucket comes up clear of the hatch he starts 
engine by putting his left foot on the throttle lever, a 
when he has moved the bucket over the deck of 
battleship, he takes his foot off the throttle and sto 
his engine; he then throws his links into the reve 
position for the return trip. As soon as the bucket 
over the deck of the battleship, the bucket operat 
throws out the opening and closing drum, and 
bucket immediately swings open. The trolley ope 


then starts his engine and returns the bucket to 
hatch, when he stops his engine and throws over li 


The trolley operator will alread 


links for the next trip. As soon as the bucket is ové 
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the hatch the bucket operator releases his hoisting 
and holding drums, and lets the bucket drop on the coal, 
completing the cycle. If the bucket closes as it drops, 
the bucket operator will throw in his holding drum just 
pefore the bucket catches the coal; the bucket will then 
open, and he can throw out his holding arm, dropping 
the bucket on the coal. 

When a warship is to be coaled the collier is brought 
alongside, or one may be placed on each side, and the 


work prosecuted by both at the same time. With the 
transfer booms lowered, the big buckets glide rapidly 
back and forth, each one delivering the coal at the 
rate of one hundred tons an hour either into the chutes 
leading to the bunkers, or in piles on deck, whence it 
is later shovelled below. It is evident that these opera- 
tions can only be carried on when the water is com- 
paratively smooth, and the speed of coaling will depend 
on the number of buckets it is possible to operate. So 


far the best work accomplished was the transfer of 566 
tons in an hour with two colliers delivering at the same 
time on either side of the warship. 

Coaling ship is always a dirty and disagreeable 
operation to those who are thereby employed, and is 
rushed through as rapidly as possible. On such oc- 
casions it is customary to turn out the ship’s band, 
which stimulates and cheers the men on with lively 
music. 


The Rifling of Firearms’ 


Why It Is Necessary, and Some of the Principles Involved 


Accuracy of fire and effective action of shots are the 
two most important properties that a cannon should 
possess. These requirements are met by using as heavy 
a projectile as possible and giving it a nearly uniform 
trajectory, in which all irregularities that it is impossible 
to eliminate can be satisfactorily calculated or estimated. 

Of these irregularities the greatest and the most dif- 
ficult to compute are caused by the resistance opposed 
by the air, which varies with the force and direction of 
the wind, the height of the barometer, the temperature 
and humidity of the air, and other weather conditions. 
The resistance which the air opposes to spherical pro- 
jectiles is very great, so that a notable improvement in 
the art of gunnery was made by the adoption of the 


wo 
Fig. 1.—Trajectories. 
bB, in air; b’ B’, in vacuo; a A, elevation of gun; Ah’, 
Hi’, maximum heights attained by projectile; ww’, 
WW’, ranges. 


elongated cylindrical projectile of great weight and com- 
paratively small cross-section. This innovation, how- 
ever, gave rise to difficulties, because a long projectile 
tends to set itself perpendicular to its line of flight (Fig. 1). 
This tendency may be observed in a strip of paper which, 
held in a vertical position and let fall, quickly assumes 
a horizontal position and flutters to the floor in a spiral 
path. A model of a cylindrical artillery projectile, 
mounted so that it can turn freely sets itself at right 
angles to a current of air blown against it. 

This difficulty was met by rifling the cannon, and 
thus impressing on the projectile a rapid axial rotation, 
and giving its axis, like that of a spinning top, a resist- 
ance to change in direction. Rifling was invented for 
a totally different purpose, by Augustin Kuttner, who 
died in Nuremberg in 1630. Early in the history of 
gunnery it had been observed that accidental rotary 
movements of the spherical projectiles which were then 
universally employed produced deviations from the 
normal trajectory. Attempts were made to produce 
similar rotations and deviations artificially by making 
eccentric cavities in the shot. For example, a cavity 
situated above the center of the shot at the moment of 
fring would produce a forward rolling rotation and the 
excess of the upward friction of the compressed air in 
front over the downward friction of the rarefied air 
behind would cause a continual lifting of the shot, and 
therefore an increased range. 

The cannon of the 16th century were provided with 
straight grooves, in order to facilitate cleaning. Kuttner 
substituted spiral grooves, with the idea of overcoming 
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Fig. 2.—Poisson effect (inclination of projectile) 
exaggerated). 


the resistance of the air by a boring action of the rapidly 
totating projectile. The shot was cast with protuber- 
ances that entered the grooves. Hence the grooves had 
to be quite deep, and it was very difficult to make them 


* Translated from Prof. Adolf Keller’s article in Die Um- 
tchau, for the SCIENTIFIC AMERICAN SUPPLEMENT. 


air tight, in muzzle-loading guns. The small gain 
brought with it a serious disadvantage, and so the spiral 
grooves were abandoned, though they were re-adopted, 
much later, for another purpose. 

Modern firearms are rifled with very shallow grooves 
of rectangular section, usually equal in width to the 
intervening spaces, or “‘fields.’”” Their number is con- 
siderable in guns of large caliber, the Krupp 40 centi- 
meter cannon having 96 grooves. The fields become 
flattened as they approach the loading chamber, so that 
the projectile, with its two copper guide rings, can be 
introduced without pressure. In firing the copper rings 
are automatically pressed into the grooves, insuring 
perfect caulking and accurate guiding. The earlier 
practice of caulking with leaden rings has been abandoned 
because of the great weight of the lead, its deposition 
on the inner surface of the gun and the diminished 
splintering action of the shell. 

Right-hand rifling is adopted in all firearms used by 
the German army. The shot, as seen from the gun, 
rotates in the direction of the hands of a clock. The 
angle of rifling, i. e., the angle between the groove and 
a line parallel to the axis of the bore, varies within wide 
limits, ranging from 1 to 4 degrees in long cannon with 
great initial velocity of projectile, from 7 to 8 degrees 
in shorter cannon and from 5 to 6 degrees in infantry 
rifles. (In old rifles the angle is considerably smaller.) 
Progressive rifling, beginning with a small angle at the 
breech and increasing the angle until the muzzle is 
reached, is now often used. The angle of rifling increases 
from 3 to 7 degrees in the long 15 centimeter cannon, and 
from 4 to 12 degrees in the 15 centimeter howitzer. The 
choice of the angle of rifling is affected by various con- 
siderations: the length, caliber and elevation of the gun, 
the weight of the charge, the length and construction 
of the projectiles, ete. 

The rotation of the projectile which is caused by rifling 
produces its desired effect directly and satisfactorily 
only when the trajectory is nearly level. A projectile 
discharged from a gun elevated to a high angle would 
have to depress its point continually, in order to keep 
its axis in coincidence with its greatly curved trajectory. 
The direction of the axis, however, is kept fixed by the 


Fig. 4.—Precession of a top. 
Pk, cone of precession ; Pa, axis of precession ; Ra, axis of 
rotation; Kr, direction of fall (if not spinning); Ka, 
axis of fall. 


rapid rotation of the projectile, and consequently soon 
makes a considerable angle with the trajectory. For- 
tunately the desired result is accomplished, indirectly 
and automatically, by the operation of certain factors 
which long were mysterious. The rotation of the pro- 
jectile and its inclination to the trajectory continue to 
call into action three forces, of which two produce slight 
lateral deviations, while the third continually brings 
back the axis to approximate coincidence with the 
trajectory. 

The inclination of the axis strongly compresses the 
air beneath the projectile which, in consequence of its 
rotation, rolls on this cushion of compressed air toward 
the right (in right-hand rifling) and deviates slightly 
in the same direction, from its previous course. This 
is known as the Poisson effect. (Fig. 2). 

Another deviation, called the Magnus effect (Fig. 3) 
is brought about in the following manner: When the 
point of a projectile having right-hand or clockwise 
rotation, is above the tangent to the trajectory, the air 


particles which are carried around the projectile by its 
rotation move somewhat forward on the right side and 
backward on the left. On the right side the collisions 
of these whirling air particles with the backward relative 
air current caused by the forward motion of the pro- 
jectile produce condensation and increase of pressure, 
while the density and pressure of the air are diminished 
on the left side. This excess of pressure on the right 
side causes the projectile to deviate slightly to the left. 
The estimated amount of this effect is less than that of 
the opposed Poisson effect. Experiment shows only a 
very small deviation to the right, which represents the 
difference between the Poisson and Magnus effects. 

Far more important is the peculiar process by which 


Effect 


Fig. 3.—Magnus effect (inclination of projectile 
exaggerated). 

Jf, trajectory; s, center of gravity; dd, compression 

zone; p, Poisson effect; m, Magnus effect; r, resultant or 

difference. 


the axis of the projectile automatically tends to return to 
the tangent to the trajectory. This action may be 
illustrated by the common spinning top (Fig. 4). A 
spinning top, with its axis inclined to the vertical, does 
not fall over, but moves so that its axis describes a vertical 
cone. The rapidity of this movement of the axis around 
the vertical line is inversely proportional to the velocity 
with which the top rotates about its axis. The force 
of gravity, which would cause the top, if not spinning, 
to fall over, and would therefore increase the angle 
between its axis and the vertical, merely rotates the 
plane of this angle without increasing it, when the top 
is spinning. In the case of an elongated rotating pro, 
jectile with its point above its curved trajectory (Fig. 5)- 
the foree of gravity is replaced by the aerodynamic 
foree that acts to increase the angle between the axis 
and the path to a right angle. Owing to the rapid 
rotation of the projectile this increase does not occur, 
but the axis of the projectile describes a cone about the 
tangent to the trajectory. When the axis has swept 
through one half of this cone it is again in the vertical 
plane of the trajectory. Meanwhile the projectile has 
advanced along the curved trajectory, so that the axis, 
in its new position, is nearly coincident with the tangent 
to the trajectory at the point which the projectile has 


reached. In this way the deviation of the axis from the 
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Fig. 5.—Precession of a projectile. 


J, trajectory ; s, center of gravity; c, arc of precession; k, 
direction of deviation; aa, axis of projectile; a’ a’, axis 
after precession through arc of 180 degrees, 
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trajectory is kept within narrow limits. Mathematical 
investigation shows that the point of the projectile moves 
in cycloidal curves. 

In the projectile, as in the top, this “precessional’’ 
movement of the axis is inversely proportional to the 
velocity of rotation about the axis. This fact must be 
considered in connection with the problem of rifling. 
Too rapid rotation, caused by too large an angle of rifling, 
may in some conditions make the precession too slow 


to correct deviations of the axis from the trajectory. 
The difficulties are increased when the gun is designed 
for use at widely different elevations. It is evident that 
no sort of rifling can invert at the summit of its flight a 
projectile which is fired vertically upward, or can prevent 
such a projectile striking the ground with its base, in- 
stead of its point. Hence, in testing a given rifling, the 
gun is progressively elevated until the projectile strikes 
in this manner. The elevation thus determined, the 


elevation at and beyond which the rifling fails, depeng 
upon the angle of rifling at the muzzle, the caliber agg 
the velocity of the projectile. Regarded from this vig,. 
point, the new German 42-centimeter mortar represen, 
a far higher technical achievement than appears at firy 
glance. The great increase in caliber is not only, 
matter of improvement in the use of materials and jy 
methods of construction. It also involves new caleyh. 
tions, based upon many long and costly experiments, 


The Dyestuff Situation’ 


Reasons Why the Establishment of Competative Plants Would Be Poor Financial Policy 


Manuracturers of American flags are in no immedi- 
ate danger of having to rely upon Cape Cod cranberries 
for their red or California skies for their blue. Nor is 
it probable that our textile manufacturers generally 
will be forced to adopt the suggestion that we utilize 
our native rainbows to supply the tinctorial require- 
ments of their industry. Six months ago the situation 
was different. You could have sold rainbows by the 
foot. The people generally and even the consumers of 
dyestuffs awoke at the first declaration of war to the long 
patent fact that the industries of these United States 
are dependent upon Germany for their supplies of color- 
ing matters, synthetic drugs and many other highly 
necessary products derived from coal tar. A situation 
which had been eminently satisfactory to consumers for 
many years suddenly appeared humiliating and intol- 
erable when the embargo first threatened to cut off sup- 
plies. There were insistent demands for the immediate 
inauguration of an American coal-tar color industry to 
relieve the situation and render impossible its recurrence. 
It was to be established by changing the tariff and the 
patent laws and letting somebody else find the money. 
Government ownership of dyestuff plants was not con- 
sidered seriously because there were no German plants 
interned. 

With the lifting of the embargo and the resumption 
of shipments by way of Rotterdam most of the humilia- 
tion disappeared, while now there is even a growing dis- 
inclination upon the part of textile manufacturers to let 
the other fellow find the money—and make those essen- 
tial changes in the tariff. The situation nevertheless re- 
mains one to cause concern and involves many factors 
which are worthy of your serious consideration. 

All the world knows that during the last 50 years a 
sweeping revolution has been effected in the art of 
dyeing. The vegetable dyes like logwood, fustic, sumac, 
madder, indigo and many others, the few animal dyes 
like cochineal and the relatively crude mineral pigments 
have all been displaced completely or in greater part by 
the products of synthetic chemistry after a record of 
tinetorial service extending back to the days of Genesis. 
The coal-tar color industry, which began in 1856 with 
the discovery of mauve by an English boy of eighteen, 
known later as Sir William Henry Perkin, soon took root 
in Germany where it has attained its present great de- 
velopment and delicately adjusted organization mainly 
through the genius of a few and the plodding industry 
of many German chemists, the far-sighted courage of 
German financiers and the technical and business sagacity 
of German managers. It is in a very real sense a created 
industry brought into being by the reaction of intellect 
upon the black chaos of coal tar. It is peculiarly a 
German industry and its products for the most part 
may justly and proudly bear the legend, “Made in 
Germany.” 

Contrary to popular belief the products of this in- 
dustry have displaced the old vegetable dyes because 
they are better, brighter, faster, easier of application, 
cheaper and incomparably wider in color range. 

With our textile and paper mills, paint and varnish 
manufacturers, makers of printing inks, and many 
minor industries thus definitely committed to the use 
of coal-tar dyes it is not surprising that the sudden pros- 
pect of a dyestuff famine should have occasioned grave 
eoncern. At the outbreak of the war the textile mills 
were generally credited with having not more than five 
months’ supply on hand. The other industries con- 
cerned were probably less fortunate. For a time the 
German embargo on dyestuffs prevented shipments, and 
stocks were rapidly depleted. Through the persistent, 
earnest and capable efforts of American representatives 
of the German manufacturers shipments have been re- 
sumed under some restrictions but with reasonable 
regularity. The German plants are running at about 
60 per cent capacity and distribution of their product 
is regulated by the Government through the Society 
of Dyestuff Manufacturers. The basis of allotment 
is said to be 75 per cent of the 1913 consumption dis- 
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tributed over monthly shipments which must go forward 
in American boats. There is little doubt that to prevent 
re-shipment to the allies it is the German policy to keep 
our own mills in a chronic state of dyestuff hunger. As 
a result many mills are now running from hand to mouth, 
others claim to be provided for three months and a few 
for a somewhat longer period on certain lines of colors. 

As a result of the close interdependence of the coal-tar 
dyes and coal-tar explosives industries there has been a 
practically complete cessation of receipts of such dyes 
and developers as require for their manufacture nitric 
acid or raw materials derived from coal tar and available 
for the production of explosives. Such materials for 
example are toluol and carbolie acid. 

The acid blues and acid blacks largely used in dyeing 
woolens are already scarce as are also most yellows and 
oranges and a wide variety of blues and greens. Para- 
nitraniline, used in connection with pigment red poster 
work, is practically out of the market and it may be said 
that pigment workers generally find themselves in an 
especially precarious condition as to dyes. 

Nitro developers are cut off entirely and beta-naphthol 
is obtainable only at prices which are almost prohibitive. 
Within a fortnight a large gingham mill has purchased 
1,200 pounds at $1.50 a pound, as against a normal 
price of 9 to 91% cents. 

In this connection it is only just to point out that the 
German manufacturers and the agents and importers 
here have handled the difficult and abnormal situation 
created by the war in a spirit of great fairness. They 
have prevented stocking up by greedy consumers, they 
have apportioned supplies impartially on the basis of 
past consumption, and they have shown remarkable 
restraint in the matter of prices. The present average 
advance on obtainable colors is about 25 per cent based 
on a 10 per cent increase in factory price and higher in- 
surance and freights. In some cases the advance is 
35 to 40 per cent. There is every prospect that with the 
diminution in the supply of raw materials prices will go 
much higher in the near future. There is a compensat- 
ing, though somewhat remote, possibility that the 
manufacture of nitro dyes and developers may be re- 
sumed as the German government has subsidized the 
construction of two large plants for the manufacture of 
nitric acid from the air and these are expected to come 
into operation during the present month. 

In the face of the present emergency the texti'e mills 
are resorting wherever possible to the old vegetable 
dyes and are already making free use of logwood and 
fustic. As a result these woods and their extracts have 
experienced a marked advance, amounting in case of 
fustic to 100 per cent. Paper mills are endeavoring to 
confine their product to natural and white papers or 
those which are tinted rather than deeply colored and all 
consumers are husbanding their color resources with 
the utmost care and adopting makeshifts wherever 
possible. It is gratifying to note that in these efforts 
they have the cordial and effective co-operation of the 
laboratories and technical staffs of the great importing 
agents. 

In 1913 the average dividend paid by German dyestuff 
factories was 21.74 per cent. The actual earnings were 
much greater, and have sufficed in the past to provide 
sinking funds to cover the entire costs of development and 
plant. Few industries in the United States can make 
so good a showing. It seems reasonable, therefore, to 
inquire why we should endure indefinitely the present 
hardships and why we should not have a coal-tar color 
industry of our own which should supply our wants 
without let or hindrance from Germany. There is but 
one answer to these questions and but one consideration 
to restrain us. We can have such an industry whenever 
we are prepared to pay the price but is 1t worth that 
price? 

The coal-tar color and explosives industry as developed 
by Germany is probably the most highly organized of 

any industry in the world. Starting with less than a 
dozen crude raw materials such as benzol, toluol, an- 
thracene, napthalene, carbolic acid, ete., derived from 
coal tar, it builds up by complex chemical processes 


which often involve elaborate and expensive plants anj 
the most rigid scientific control of operating conditions 
more than nine hundred separate ultimate products ani 
over three hundred intermediates, so called, or ove 
twelve hundred products in all, some of which cannot be 
turned out commercially in quantities much over 1 
pounds. The whole system of production depends for 
its commercial efficiency upon the close correlation and 
interdependence of these many products. The industry 
is self-contained. It makes its own crudes and converts 
its own wastes into raw materials for new processes to be 
applied to them by itself. The adjustment of the 
economic balance is so close that a slight change in the 
value of some one product may disarrange whole serie 
of processes and affect disastrously many products, 
Obviously, therefore, at this stage of its development, 
the industry must be considered as a whole if any effective 
competitive development in this country is to be at 
tained. The situation is not unlike that now existing 
in our packing industry, where, by rougher methods in- 
deed, but on a far greater scale, the entire raw material 
is utilized in a complex series of related products which 
are individually profitable only because of their relations 
to the others. 

Twenty-two factories are involved in the German dye 
stuff industry but by far the larger portion of the busines 
is in the hands of four great companies. The industry as 
a whole is bound together by trade agreements and co 
operative arrangements which add greatly to the effic- 
ency of production. 

A few figures regarding one of these companies are 
instructive. For transportation within the plant it 
utilizes 42 miles of railroad. Its water works supply 
10 billion gallons yearly and its ice factory 12,000 tons 
of ice. It has 400 steam engines, 500 electric motors, 
nearly as many telephone stations, and 25 steam fire 
engines. It has a frontage on the Rhine of 114 miles 
and handles sulphuric acid in tank steamers. Seven 
years ago it employed 217 chemists, 142 civil engineers, 
8,000 workmen, and a commercial staff of 918. Perhaps 
even more important from the present point of view 
of the American business man is this significant statement 
published by this company: 

“On looking back upon the successes which the Badische 
Anilin und Soda Fabrik has achieved since its foundation 
the management feels it to be their pleasant duty to 
remember gratefully the benevolent and appreciative 
support which their efforts have always met at the hands 
of the State authorities.” 

Within the last few weeks, Dr. B. C. Hesse, of Nev 
York, who combines in a remarkable manner the fune 
tions of the chemist and statistician, has brought te 
gether many figures which bear upon our present problem 
and which give some indication of the price which we 
would have to pay for an American coal-tar color in- 
dustry. 

The world’s production of all coal-tar dyes is sub- 
stantially $100,000,000. The annual turnover of the 
German plants is about $80,000,000; the plant value 
on various estimates is not far from $400,000,000. It 
will be noted that the relation of plant investment to 
output is extremely high, being $5 to $1. There is one 
works chemist to every $80,000 of output and about 
50,000 employees in all. The total export value of the 
German product was about $55,000,000, which was 
distributed among 33 countries. China takes four times 
as much German indigo as the United States consumes. 
The average wage in the industry was 4.80 marks in 
clusive of boys, common labor and skilled labor. The 
average men’s wage was 5.85 marks, or $1.40, which is 
brought by bonuses and social service to the equivalent 
of $1.84. The gross average export value of the 1912 
dyes produced is $61,405 each, or, excepting a very few 
of the most important, the corresponding figure for the 
remaining 900 or more is $40,811. Dr. Hesse has 


characterized the German coal-tar color industry 4 
“just about a one-nation business,” and on this showing 
I would ask you if Dr. Hesse is not right. 

It is nevertheless an industry which has been replete 
with romance and with great achievement. The sy 
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thesis of alizarine for example, gave a death blow to the 
cultivation of madder, the annual production of which 
45 years ago was about 500,000 tons. Synthetic indigo 
upset the social economy of whole regions in India, and 
made available for raising food great tracts of land before 
devoted to the cultivation of natural indigo. These 
triumphs of organic chemistry unquestionably reacted 
throughout the entire range of German industry and did 
much to convert the nation to the cult of science upon 
which its extraordinary efficiency in material affairs 
is based. These considerations, coupled with the in- 
dustrial miracle of the genesis of the rainbow from so 
unpromising a material as coal tar, enable the coal-tar 
color industry to make a peculiarly powerful appeal to 
the imagination. We would be justly proud had we 
developed it ourselves. 

We have in a sense had a coal-tar color industry in 
this country for 30 years but it has failed to take deep 
root or flourish even under the protection of a 30 per cent 
tariff, and during the very period when the German 
indusiry, under the far greater stimulus of organized 
and persistent research, achieved its greatest technical 
and commercial triumphs. There are to-day four plants 
in the country and they make perhaps 15 per cent of the 
total American consumption but confine themselves to 
less than 100 products. They hold out no promise of 
extension increase in production without Government 
assistance to the extent of a 30 per cent ad valorem duty 
plus 714 cents per pound specific and an effective anti- 
dumping clause. In this connection it might be pointed 
out that from 1880 to 1883 the ad valorem duty was 35 
per cont with 50 cents specific. The present duty is 30 
per cent on colors and 10 per cent on intermediates, with 
synthetic indigo and alizarine colors free. Under it, 
probably not more than 17 of the 912 German dyes 
are completely fabricated in this country; the remaining 
83 of the 100 types claimed as American products are 
merely developed or “assembled”’ here from intermed- 
iates obtained from Germany. Were our own manu- 
facturers to secure the entire American business it would 
amount to only about $10,000,000 annually—a little 
more than the value of the eandy sold by the Woolworth 
stores. 

Since the United States now produces 125,000,000 
gallons of coal tar annually it may here be pointed out 
that the country already possesses a coal-tar industry 
as distinguished from a coal-tar color and explosives 


industry, and that the coal-tar industry as such has been 
developed here to an extent unthought of in Germany. 
An average tar yields 70 per cent of pitch and only 6 
per cent of materials useful to the color industry. In 
Europe the pitch is commonly used for fuel. In the 
United States upon the other hand over 90 per cent of 
the pitch is utilized in roofing, waterproofing and road- 
making, while the creosote oil and naphthalene find other 
profitable and well known applications. 

The plain underlying reason why we have been unable 
during 30 years of tariff protection to develop in this 
country an independent and self-contained coal-tar 
color industry while during the same period the Germans 
have magnificently succeeded is to be found in the 
failure of our manufacturers and capitalists to realize 
the creative power and earning capacity of industrial 
research. This power and this capacity have been recog- 
nized by Germany and on them as corner-stones her in- 
dustries are based. As a result the German color plants 
are now quite capable of meeting the demands of the 
whole world when peace is ence restored. Why, then, 
should we duplicate them only to plunge into an in- 
dustrial warfare against the most strongly fortified in- 
dustrial position in the world. Let us rather console 
ourselves with a few reflections and then see how other- 
wise we might spend our money to our better advantage. 

The gross business of the Woolworth 5 and 10 cent 
stores in 1913 exceeded the entire export business of the 
whole German coal-tar color industry by $11,000,000. 
The sales of one mail order house, Sears, Roebuck & Co., 
in the same year were far greater than the total output 
of all these German color plants, and its last special 
dividend is about twice the amount of their total dividend 
payment in 1913. The Eastman Kodak Company, 
with about twice the capital of the largest German color 
company, the Badische, and with a Government suit 
on its hands, earned during 1913 net profits of over 
$14,000,000, or 230 per cent on its preferred stock and 
over 70 per cent on its common, while the Badische 
with “the benevolent and appreciative support” of the 
German government earned 45 per cent. In that year 
the entire German industry paid $11,000,000 in divi- 
dends. The Ford Motor Company with one standard- 
ized product does a greater annual business than all the 
German color plants with their 1,200 products and earns 
four times their combined dividend while paying three 
times their wages. 


Now that our perspective is adjusted let us consider 
for a moment some of the things which might be done 
with the vast expenditure of effort, money and research 
required to establish in this country this “‘one-nation” 
industry. 

We should first of all review our own almost boundless 
natural resources and especially should we consider our 
gigantic and shameful wastes. They offer opportunity 
for the ultimate development of a score of industries, 
each of a magnitude comparable to the color industry 
of Germany, and for the almost immediate upbuilding 
of hundreds of sma'ler enterprises relatively no less 
profitable. We waste for instance, 150,000,000 tons of 
wood a year, a billion feet of natural gas a day, millions 
of tons of flax straw at every harvest, untouched peat 
deposits fringe our entire Atlantic seaboard, bechive 
coke ovens flame for miles in Pennsylvania, wasting 
precious ammonia and exciting no comment while the 
burning of a $1,000 house would draw a mob. The 
whole south is a reservoir of industrial wealth untapped 
in any proper sense. We have heard these things so 
often that we can go to sleep while hearing them. We 
need to really sense them, to get before our consciousness 
a clear conception of what they actually mean in terms 
of wasted wea'th and present opportunity. When we 
do this, and there 1s no better time than now, let us apply 
the lesson of the German coal-tar color industry to these 
far greater problems and solve them by the compelling 
agency of sustained, intensive research. 

To take one illustration only, the application to the 
lumber industry of the south of one tenth the research 
energy and skill which were required to bring the coal-tar 
chemical industries to their present proud pre-eminence 
would unquestionably result in the creation of a whole 
series of great interlocking industries, each more profitable 
than that of lumbering. The south would be in posi- 
tion to dominate the paper market of the world, it would 
transport denatured alcohol by pipe line and = tank 
steamer, make thousands of tons a day of carbohydrate 
cattle feeds, reorganize and develop along new lines 
and to far better purpose its languishing naval stores 
industry, and find new opportunity at every hand. To 
do these things m one industry as well as many things 
as good in other industries requires generally only a lit- 
tle faith, sustained, courageous effort, and the appre- 
ciation by American financiers of the earning power of 
research. 


Arthur Von Auwers* 

Tue problems that confront the astronomer differ 
from those with which workers in other departments of 
science are engaged in many important particulars, but 
in none more than in the magnitude of the data in- 
volved. So great is the number of the stars, so vast, 
toth in space and in time, the scale of their motions, 
that in general it transcends the powers of an individ- 
ual, or even of a single observatory, to collect, within 
the span of a lifetime, the materials for comprehensive 
studies, or te collate and discuss them. Co-operation is 
probably more essential to progress in astronomy than 
in any other science. 

The earliest example of co-operation on a large scale 
in astronomical research was the proposition brought 
forward by Argelander and his associates, half a cen- 
tury ago, for the formation of a great catalogue of all 
the stars to the ninth magnitude in the northern sky. 
At the meeting of the Astronomische Gesellschaft in 
1860, when, after four years of preliminary discussion, 
the project was formally initiated, the plan of work 
alopied was the one presented by Dr. Arthur Auwers, 
it young astronomer, who, three years earlier, had been 
elected to membership in the Berlin Academy of Sci- 
ences to fill the place left vacant by the death of Encke. 
In view of Auwers’s youth—he was then only thirty-one 
—this was a~notable recognition of his ability. But 
even, more significant was the fact that to him was also 
entrusted the all-important duty of preparing the sys- 
tem of fundamental star places which provided the 
foundation for the entire work. 

It is impossible, without running unduly into techni- 
cilities, to give an adequate idea of the difficulties 
attending the construction of such a fundamental sys- 
tem of star places. It must suffice to say that it re- 
quires the highest order of ability, a profound grasp of 
the principles of gravitational astronomy, a comprehen- 
sive knowledge of star catalogues, rare judgment, and 
4 mastery of detail that is given to but few minds. 
How well qualified Auwers was for the responsibility 
Placed upon him is evident from the fact that the 
fundamental system he elaborated more than forty 
years ago is adopted, in all its essentials, as the foun- 
dation of the greater part of the most refined meridian 
circle work of the present day. 

His connection with the “Astronomische Gesellschaft 
Catalogue” did not end with the service I have de- 
scribed. In addition, he undertook the observation of 


* R. G. Aitken in Science. 


one of the sections or “zones” of the catalogue, produc- 
ing a model work, and was soon made chairman of the 
commission in charge of the entire project, a position 
he held to the date of his death, January 24th, 1915. 
Its success, therefore, is in large measure due to his 
eareful planning and wise guidance. Long before his 
death he had the satisfaction of seeing the original 
catalogue completed by contributions from no less than 
twelve great observatories in Europe and America, and 
of having the plan extended, again under his direction, 
well into the southern hemisphere. 

G. F. J. Arthur Auwers was born in Géttingen in 
1IS3S and received his early education in the schools of 
his native city. His interest in astronomy was mani- 
fested when he was still a mere boy, and even before 
he received his doctor’s degree at Kénigsberg in 1862, 
he had made many important contributions to it both 
by observations and by theoretical investigations. His 
dissertation for the doctorate, on the variable proper 
motion of Procyon, placed him at once in the front rank 
of astronomers. In this research he struck the keynote 
of his future life-work, “the treatment of all questions 
concerning the positions and motions of the stars.” 

The fundamental data upon which all studies of the 
mechanics of the stellar universe depend are the posi- 
tions of the stars on the celestial sphere, their apparent 
motions on this sphere (technically, their “proper mo- 
tions”), their radial velocities, and their distances. The 
first two of these elements are derived from the star 
catalogues based on meridian observations. One of the 
most important of all star catalogues is that based upon 
the observations of Bradley, at Greenwich, about the 
middle of the eighteenth century, for these observations 
were the first that are at all comparable in system and 
in accuracy with those of modern times, and they were 
also superior to those of his successors for fully half a 
century. As the time element is of the first conse- 
quence in the derivation of stellar proper motions, 
Bessel, who in 1819 made the first reduction of the 
Bradley observations, was fully justified in giving his 
work the title “Fundamenta Astronomie.” Excellent as 
Bessel’s work was, the rapid progress of astronomy in 
the next half century led to a more accurate knowledge 
of the fundamental astronomical constants and to more 
refined methods in the reduction of meridian observa- 
tions, and it also became evident that some of his 
assumptions respecting Bradley’s instrument were erro- 
neous. A new reduction was therefore highly desirable 
and this was undertaken by Dr. Auwers in 1866. He 


brought all his skill and special Knowledge into play 
and spared no pains to insure the utmost accuracy in 
his work. ‘The result of the ten years’ labor it involved 
has been well called a “masterpiece and a model.” The 
Auwers-Bradley catalogue at once became the starting 
point for all discussions of proper motions, a position it 
will probably hold for all time. 

His fundamental system of star places, the Auwers 
Bradley catalogue, and his other work in related fields, 
will form Auwers’s most enduring monuments, but they 
are far from comprising the full measure of his activi 
ties. Thus, he was chairman of the German Commis 
sion for the determination of the solar parallax from 
the transits of Venus in 1874 and in 1882. He took the 
leading part in preparing the observing programmes, 
conducted in each year one of the expeditions sent out 
by the government, and personally directed the elabo- 
rate discussion of all the results—a truly monumental 
work which fills six large quarto volumes. 

From 1878 to 1912 Auwers held the position of see- 
retary of the Section for Mathematics and VPhysies in 
the Royal Prussian Academy of Sciences (Berlin Acad- 
emy) and his tactful conduct of the manifold duties of 
this office, together with his unselfish and tireless devo- 
tion to the interests of the academy, were gratefully 
acknowledged by his colleagues at the meeting of June 
25th, 1912, when they celebrated his jubilee—the fiftieth 
anniversary of his graduation as doctor of philosophy. 

He founded the bureau of the “History of the Sid 
ereal Hleavens” (Geschichte des  Fixsternhimmels), 
whose object it is to collect all of the meridian obser- 
vations of stars since Bradley’s time and to combine 
them into a single systematic catalogue. He was a 
member of the commission charged with the organiza- 
tion of the Astrophysical Observatory at Potsdam, and 
assisted in the supervision of its construction and of its 
management in its early years. He was also the first 
president of the International Association of Academies. 

Auwers’s commanding position in his chosen science 
was fully recognized in his own country and throughout 
the world. His own government gave him the title 
Wirklicher Geheimer Ober-Regierungsrat, and at the 
time of his death he was Kanzler des Ordens pour le 
mérite fiir Wissenschaft und Kiinste. For more than 
twenty years before his death he had been a member 
of the seven leading National Academies of Science in 
Europe and America, a distinction in which but two 
other astronomers of his generation shared—Newcomb 
and Schiaparelli. 
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Convoy hiding in the woods from a hostile aeroplane. 


Carrying supplies to the British troops. 


The Motor Truck in Modern Military Service 
Many Uses for Motor Vehicles, Which Have Become Indispensable in War 


In future wars the motor truck will be employed 
extensively for carrying supplies from the railways to 
the front. The railway lines in the zone of action are 
usually destroyed soon after the beginning of hostilities, 
and weeks are required for their restoration. During 
the first weeks of the war it was almost impossible to 
transport supplies adequately from the uninjured parts 
of the railways to the front by means of horse~irawn 
wagons, but this essential service can be performed 
very well by columns of trains, each composed of a mo- 
tor truck and a trailer. In this way horses are spared 
for other military uses, and their elimination lessens 
disease among the troops, as experience has proved. 

The material and tactical superiority of motor trans- 
port is illustrated by the following example: A column 
of twenty motor trains, with their heads 50 meters 
apart, will occupy a stretch of 1 kilometer and will 
carry 180 tons, allowing 9 tons to each motor truck 
with its trailer. At a speed of 10 kilometers per hour 
a distance of 100 kilometers would be traveled in a 
day of 10 hours. Horse-drawn wagons, with a speed 
of 4 kilometers per hour, would occupy 26 to 28 hours 
in tfaveling 100 kilometers, allowing for the halts re- 
quired for feeding and rest. If each wagon carried 
one ton, 180 wagons and 360 horses would be required 
for the conveyance of 180 tons, and the column of 
wagons, with 12 meters distance between their heads, 
would be more than two kilometers long. 

The motor trains contemplated in this example, com- 
posed of military motor trucks and trailers of the heavi- 
est type, would merely connect the railways with the 
camps, whence the service would be extended to the 
firing line by lighter motor trains or light motor trucks 
without trailers. Such light motor trucks have already 
been adopted in all armies, especially for carrying sup- 
plies to cavalry detachments which, advancing far 
ahead of the main army, urgently need a rapid and 
efficient transport service, not dependent upon animal 
traction. Although these cavalry trucks can carry two 
tons and can, when loaded, ascend steep grades on bad 
roads, they are constructed with especial reference to 
facility of turning and general mobility in order to 


Chauffeur’s post in Belgian armored car. 


avoid impeding cavalry movements, even in case of 
retreat. 

The usefuluess of the military motor truck is not 
limited to supplying an army with rations, fodder, weap- 
ons, ammunition, and other necessaries. The many 
novel technical appliances of modern warfare open ad- 
ditional fields of special usefulness. The newest mili- 
tary arm, the aeroplane corps, requires light motor 
trucks for the transportation of fuel, lubricants, tools, 
and repair materials. These trucks are similar to the 
cavalry trucks and are likewise built to “go through 
thick and thin,” and to escape quickly with their freight 
in the event of danger. Motor omnibuses of special 
construction are provided for carrying the helpers re- 
quired for the landing, housing, and salvage of aero- 
planes. France, which has taken the lead in this spe- 
cial field, has experimented with motor omnibuses de- 
signed for a speed of 40 kilometers (about 25 miles) per 
hour, when fully loaded and manned, and even with 
smaller vehicles, provided with pneumatic tires, and 
designed for a speed of 60 kilometers (37 miles) per 
hour. The results of these experiments are not known, 
as the operations of French military aviators are hedged 
about with the most profound secrecy. 

Airships likewise need motor trucks to carry men, 
tools, fuel, and lubricants. The French are now trying 
to supply airships with gas by means of motor trucks, 
each carrying a large tank of compressed gas. 

The employment of the motor truck for the trans- 
mission of dispatches in the field is a subject of some 
complexity. This was the first military use of the auto- 
mobile, which served merely as a conveyance for the 
dispatch bearer. 

The introduction of the motor truck as a means of 
communication is of later date. The motor truck not 
only carries tools and materials for the telegraph, radio- 
telegraph, and searchlight corps, but is used in other 
ways. One European army possesses trucks, on which 
field telegraph and telephone cables are coiled on drums, 
which are wound up by the motor when the line is 
removed. The truck may also carry a dynamo, driven 
by the motor and supplying current for a radio or 
searchlight station or for charging telegraph and tele- 
phone storage batteries. A Russian military truck has 
its motor mounted on a detachable part, which also 
carries a dynamo and searchlight, and which can be 
pulled or pushed, as a hand cart, up a steep hill or 
through a wood, which the heavy truck could not sur- 
mount or traverse. A complete sending and receiving 
station for wireless telegraphy and telephony, including 
a telescoping mast, may be constructed in automobile 
form. 

Another very important branch of the motor truck 
service comprises the care and transportation of the 
wounded in the field. Russia has recently experimented 
with automobile field hospitals, equipped with all 
requisite medical and surgical apparatus, including a 
dynamo for illumination, operating Roentgen apparatus, 
ete. These experiments appear to have been success- 
ful, for the Russian government has ordered a number 
of these vehicles from Switzerland. Another Russian 
innovation is an automobile ambulance capable of 
carrying twelve or more wounded men. This is to be 
used for the speedy removal of wounded from the firing 
line. In besieged fortified places, also, these ambulances 
would go at night, unlighted, from battery to battery, 
to collect the wounded and transport them to the hos- 


pital. Similar vehicles, arranged as omnibuses, and 
carrying thirty passengers, have been employed experi- 
mentally in Russia for the transportation of prisoners 
of war. 

France is introducing into her field postal service 
motor trucks having a speed of 30 kilometers (18% 
miles) per hour. 

It is evident that the military motor truck has en- 
tered into new fields of usefulness, the development and 
exploitation of which will produce a complete revolution 
in transportation, communication, and equipment. It 
is very desirable to use the motors of these trucks for 
other purposes than propulsion. For several years the 
writer has been occupied with the development of this 
idea and has attentively followed the experiments in 
construction and application that have been made by 
foreign powers. It must be stated with emphasis that 
our Eastern and Western neighbors have devoted to 
special types of military automobile an attention far 
greater than is generally known. 

The Russian government, in particular, has ordered 
many vehicles of various special types during the last 
two years. France also exhibits great activity in this 
field. The automobilization of an army is now a sig- 
nificant indication of the height of the war barometer. 

(Abridged from the Kriegstechniache Zeitschrift.) 

Out of the chaos of conflicting and vague reports 
from the European battlefields there arises clear and 
pre-eminent the eulogy of the automobile and motor 
truck. Put to the test of war conditions for the first 
time since its invention, with the exception of its very 
limited use during the last Balkan war, the gasoline 
driven motorcar has more than fulfilled the expecta- 
tions of its advocates. It has almost become a tiresome 
“bromidiom” to say that the modern motorcar has been 
an important factor in the rapid concentration and 
transportation of armies, and that but for the motor 
the German army could not have succeeded in advance 
ing to within twenty-miles of Paris in the short space 
of four weeks. Even the most cursory reader of the 
daily press has been given to understand that the Ger- 
man attack in August was an attack by automobile. 


Loading a Paris stage with meat. 
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A motor truck used by the Germans as an ambulance. 


The attack failed; the armies have been locked in Flan- 
ders and along the eastern frontier of France for 
months. But the automobile has lost nothing of its 
importance. It has simply taken up other duties. 

Military tactics to-day may be said to rely pre-emi- 
nently on the motor and its speed. Attacks reaching 
forward at the rate of thirty miles a day are no novelty 
in 1915. Retreats, in complete order, at a speed of fifty 
miles a day would have been called impossible by mili- 
tary men twenty years ago. The motorcar has revolu- 
tionized warfare. In its complete destruction of all the 
lore of centuries regarding military tactics it has proved 
as ruthless as the much-talked-of 42-centimeter siege 
gun of the Germans has to the fortresses’ of the past 
century. 

In the case of France and Germany, the motorbuses 
and interurban motor passenger coaches have proved of 
tremendous value. Germany has an extensive system 
of passenger coach transportation run under the juris- 
diction of the post office “mail coaches.” More than 
3,000 of these sturdy and capacious vehicles have been 
transformed into military vehicles, especially for meat 
transport to the front. The same must be said of the 
French buses, long lines of which may be seen at all 
times several miles behind the battle front. 

The military authorities foresaw the great service 
that power wagons in general were called upon to per- 
form in the event of war, and, as in all the leading 
countries, they endeavored to have all the power wagon 
trucks, including the ones used with autobus body, built 
according to the general standard regulations laid out 
by the War Department. In this way the trucks of the 
autobus are in reality a type of power wagon chassis 
which conforms to the same standard rules as apply to 
the larger power cars. For emergency cases or rapid 
maneuvers, a considerable number of troops can be 
instantly sent to a certain point of the battle either in 
autobus or on other kinds of power wagon, and this 
might often change the issue of events. 

The popular conception of lines of infantry in 
trenches, interspersed with motor convoys loaded with 
ammunition, etc., is pure folly. Motor convoys are miles 
and miles in the rear of the battle line, as far beyond 
the range of heavy artillery fire as possible. Connec- 
tion with the firing line is maintained by telephone and 
by motorcycle dispatch riders. In fact, the latter are 
pressing the automobiles hard for honors in this field. 

One of the surprises of the British expeditionary 
forces has been the excellent showing of the fleet of 110 


Foden steam trucks as heavy tractors. For slow haul- 
age of three and more trailers, of heavy artillery, and 
as repair wagons with complete electrical equipment, 
these steam trucks have given invaluable service. They 
are easily kept in repair and they burn small anthra- 
cite coal as well as crude oil and kerosene. 

Except on the fast cars used by the officers, pneu- 
matic tires are strictly tabooed. Even on motor ambu- 
lances the solid rubber tire is preferred, because of the 
immense trouble caused by bullets or shrapnel penetrat- 
ing the pneumatic—usually at the most inopportune 
moment. On some of the British armored cars twin 
pneumaties are used on the rear wheels, but in the 
majority of cases solid tires have been mounted. Safety 
in this case is preferred to a certain degree of comfort. 

Motor truck experts now at the front calculate the 
destruction of vehicles at about 60 per cent of the total, 
figuring that not more than 40 per cent of the motor 
trucks sent to the front will ever return in condition 
to be useful for anything else. The estimate of the 
British is slightly higher, reaching nearly 70 per cent, 
while that of the Germans is less than 50 per cent. Sev- 
eral hundred good British and more than a thousand 
French and Belgian trucks are reported to have been 
repaired by the Germans in the big F. N. and Minerva 
automobile factories in Belgium. The Minerva plant, 
especially, has proven of great value to the invading 
army, because of its location at Antwerp, so near the 
scenes of fighting. 

Among the special types of vehicles employed in the 
campaign are a number of 200 horse-power motor plows 
which dig trenches three feet deep faster than a hun- 
dred men can dig them with spades. Huge steam 
tractors with regular roller wheels for smoothing roads 
are used for pulling the heaviest weights, while cater- 
pillar tractors, of the type made in the United States, 
pull the heaviest siege guns. 

As was to be expected, reports from the various seats 
of war tells us of the widespread use of armored auto- 
mobiles. Most of the nations involved have made ex- 
haustive experiments to determine the most suitable of 
the types, which range all the way from ordinary tour- 
ing cars the sides of which are covered with steel 
plates, to huge moving forts. The most satisfactory 
ears have, naturally, proved to be those between the 
two extremes. 

The service required dictates to a large extent the 
design of the car. In the early days of the war, the 
Germans made great use of standard N. A. G. and Opel 


A type of car used very effectively by the Belgian army. 


touring cars, to the sides of which are fastened steel 
plates of 4 millimeters thickness. No guns are mounted 
on the cars, the occupants being armed simply with 
rifles. Owing to the comparatively slight increase in 
weight over ordinary touring trim, these cars possess 
mobility of a high order and are well suited for scout- 
ing. They generally carry on each side of the dash a 
vertical rod having a knife-edge in front. The object 
of this is to sever any wires which may be stretched 
across the road, generally at the height of the pilot’s 
head. 

Much heavier armored vehicles have also been made 
use of by the Germans. These are generally trucks on 
which are maintained 5- or T-centimeter Krupp or 
Erhardt guns. The armor plating is very heavy, being 
about one half inch in thickness. The rear wheels have 
twin solid tires and the front disk wheels have single 
tires of the same type. 

The Belgians possess few, if any, heavily armored 
automobiles. They pin their faith to lightly armored, 
highly mobile cars, which have proved highly success- 
ful. Their speed and ease of manipulation enable them 
to rush to the desired spot, make a sharp attack, and, 
if necessary, retire quickly. 

So far, little has been heard of French armored cars 
in the war. It is known, however, that the authorities 
possess a number of “traveling forts” manufactured by 
Charron. (formerly Charron, Giradot et Voigt), and 
Schneider of Le Creusot. 

So far as known, the English armored automobiles 
are merely light Daimler trucks of the subsidized type. 

Referring to the large number of motorcars that have 
been reported to have failed or broken down in service, 
an English authority makes the following comments: 

“It must be borne in mind that, so far as the British 
forces have been concerned, the campaign has been 
practically entirely over a country possessing good road 
systems, albeit the surfaces are not of what the for- 
eigners calls the billiard table British type. They are 
surfaces, nevertheless, incomparably better than will be 
found either in Russia or in our dominions overseas. 

“It is satisfactory to be able to record that to date a 
very high proportion of the vehicles that have fallen 
out of service with the British forces in France have 
done so for quite trifling reasons. Some little thing has 
gone wrong. The machine being but one type among a 
wide variety employed, there has been no opportunity 
to replace the small part that has failed, therefore the 
vehicle has perforce had to be scrapped, though a part 


German prisoners conveyed by motor truck to Chalons sur Marne. 


Motor truck fitted with an electric generator for field use. 
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weighing only a pound or two, costing perhaps a few 
shillings, or even a few pence, is the sole cause of the 
trouble. 

“This means that from the point of view of the au- 
thorities the first and most important lesson of mechan- 
ical transport in connection with this war is the need 
of absolute standardization of types, particularly as 
regards interchangeability of parts. 

“Every manufacturer exploits his individuality to the 
utmost, and seems to consider it a crime that he should 
produce a single part of any machine that could by 
chance be used in common by a maker of any other 
vehicle. The result is that not only for every make, but 


actually for every model, of motor vehicle produced in 
this country and employed in such operations as those 
of active service conditions, you require to have an en- 
tirely independent set of spare parts and equipment. 

“From the campaigning point of view, of course, this 
is absolutely impracticable; so much so, indeed, that it 
ix the occasion of our greatest loss of motor vehicles in 
the expedition to date. There will be no repetition of 
this trouble in future campaigns. The motor manufac- 
turer who will not produce something more or less in 
common with his fellows will find little or no market 
for his wares. 

“The causes of failure are, for the most part, so ut- 


terly trival and so easy to avoid but for our purely 
insular point of view, that there is no excuse for thp 
majority of breakdowns. Of course, the manufacture; 
will say on all occasions that no machine was ever de 
signed to be abused in such fashion as obtains at the 
front. The answer is every time that if he cannot de 
sign and build to withstand such strains, other folk ¢ay 
and do. 

“In this war British-built cars have not been put ty 
any class of work that does not constitute the ordinary 
and every-day conditions of service away from the big 
cities in the United States of America and in our over. 
seas dominions.” 


The Evolution of the Elements: the Evidence of the Stars 


That the Various Chemical Elements Merge Into One Another by a Process of Evolution 


Ir has been remarked that two divergent tendencies 
may be distinguished in the history of Science. On 
the one hand may be traced a synthetic process, by 
which we rise from a number of apparently isolated 
observations to a general law embracing them all and 
bestowing unity upon them. Such a synthesis is accom- 
plished, for example, by the law of gravitation, which 
welds into one comprehensive whole such diverse phe- 
nomena as the elliptic orbits of the planets, the exist- 
ence of tides, and the duration 6f the temperature of 
the sun. On the other hand, investigation sometimes 
proceeds from the apparently simple to the complex, of 
which we have a striking instance in the kinetic theory 
of gases, where the observed very simple laws govern- 
ing the relations of the temperature, pressure, and 
volume of gases, is shown to be due to the very com- 
plex interactions of great multitudes of very small par- 
ticles moving at random; an investigation so complex 
that it necessitated the creation of a new mathematical 
method to cope with its difficulties. Whether, on the 
whole, science progresses toward unity or diversity is a 
question on which opinion may legitimately be divided. 
It may be that science is doomed to failure in its great 
effort to reach a comprehensive survey of Nature as one 
great unity, and that the material universe may ulti- 
mately prove to be complex beyond the grasp of human 
minds. But, however that may be, it is indisputable 
that the recent advances in science have all been in the 
direction of a greater unity. The evolution of the dif- 
ferent forms of animal life is a notion which has long 
been familiar to us, and we have now come to think 
that the chemical elements themselves have been 
evolved from some one primordial form. At present, if 
we confine our attention to terrestrial phenomena, the 
evidence in favor of this view is not very satisfactory, 
but if we turn our attention to the stars, those huge 
laboratories of Nature, the case assumes a different as- 
pect. It is well known that the light emitted by each 
chemical element, when heated, has distinctive lines in 
its spectrum. Glowing sodium, for instance, has two 
characteristic bright yellow lines in its spectrum. If, 
however, light is passed through sodium vapor, two 
dark lines, or absorption bands, take the place previ- 
ously occupied by the two bright lines. And this is 
general. The absorption bands characterizing the vapor 
of an element correspond to the bright lines emitted by 
the same element when luminous. By this method, the 
method of spectrum analysis, the chemical composition 
of the stars has been investigated. The dark lines ob- 
servable in the spectra of the stars tell the spectro- 
scopist at once exactly what elements make up their 
constitution. But this is not all. The spectrum also 
affords evidence as to the temperature of the stars, and 
it is the distribution of temperature and chemical con- 
stitution which has afforded such intensely interesting 
confirmation of the theory that the various chemical 
elements merge into one another by a process of evolu- 
tion. As an indication of the way in which the spec- 
trum may give evidence of temperature, let us consider 
the case of iron. In an ordinary Bunsen flame iron 
shows nothing. In the blow-pipe flame iron shows the 
dawning of a spectrum by giving a series of bands or 
flutings, a “fluted spectrum,” as it is called. When iron 
is raised to the temperature of the voltaic arc we get 
a true spectrum, and thousands of lines become visible. 
This, incidentally, points to a very complicated struc- 
ture for iron, since on the electron theory each line 
corresponds to a specific period of vibration of the con- 
stituent electrons. If now we take iron electrodes and 
cause a spark to pass between them in a vacuum, the 
iron spectrum undergoes a remarkable change. The 
thousands of lines which previously existed disappear 
and are replaced by a few much more strongly marked 
lines, three of which are specially characteristic. Such 


By John W. N. Sullivan 


lines are called the “enhanced” lines of iron, and iron 
in this condition is said to furnish, not a metallic 
spectrum, but a proto-metallic spectrum. It is evident 
that iron has a different constitution in these cases. It 
would seem that the thousands of lines in the metallic 
spectrum are due to the existence of a number of un- 
stable intermediate forms which disappear in the higher 
energy conditions of the spark spectrum, breaking up 
into a small number of more stable forms. It is, how- 
ever, by no means certain that the higher energy of the 
spark spectrum corresponds to a higher temperature. 
The temperature of the spark cannot be measured, and 
it is possible that the energy which caused the iron 
dissociation is almost entirely electrical. This may ex- 
plain the fact that while the spectra of certain nebule 
would seem to indicate a very high temperature, yet 
other things do not favor this view. When certain star 
spectra are examined it is found that under energy con- 
ditions which cannot at present be obtained on earth, 
even the spark spectra of certain metals disappear, 
showing still more complete disruption. 

We are now in a position to appreciate the fact, 
pointed out by Lockyer, that it is in the hottest stars 
that the simplest forms of matter are present, and that 
the incandescent bodies of the universe can be classified 
on this basis. The following classification was provi- 
sionally submitted by Lockyer in his book on “Inorganic 
Evolution” : 


Highest Temperature. 


Argonian 


Proto-hydrogen stars Alnitamian 


] {Crucian Acherian 
| Helium-gas stars Taurian Algolian 

Rigelian Markabian 

b. Proto-metallic Stars. Cygnian 
Sirian 
Polarian Procyonian 

c. Metallic Stars Aldebarian Arcturian 

d. Stars with Fluted) 

Spectra....... j Antarian 


Lowest Temperature. 

The termination “ian” in the above table is used to 
denote an epoch or stage in the process of evolution 
much as the same termination is used in geological 
evolution to denote the various strata; as in the words 
“Devonian” and “Silurian.” The names for the stellar 
epochs are derived either from that of a typical bright 
star which possesses at the present time a temperature 
indicated by its spectrum, or sometimes the name of the 
constellation in which the star is found. Where two 
columns of names of stars are given, those in the first 
column are stars of which the temperature is at present 
supposed to be increasing, and where evolution would be 
reversed or in the direction of disintegration. The 
second column contains stars with decreasing tempera- 
tures, where elemental evolution toward higher atomic 
weights is progressing. Our own sun would be placed 
in this column at the level denoted by Arcturian. 

It will be noticed that at the head of the list are 
stars called proto-hydrogen stars. These are the hot- 
test of all observed stars (they are in the constellation 
Argo), and in their spectra we meet with a series of 
lines belonging to no known terrestrial element, but 
standing in relation to the known hydrogen lines. From 
the way in which the lines occur, they are considered to 
indicate a form of matter which is the precursor of the 
element hydrogen. Additional support for this view is 
obtained from the fact that there are other lines present 
corresponding to the lines obtained when hydrogen is 
sparked electrically in a vacuum tube. Lines of helium 
also occur, and those of proto-magnesium and proto- 
calcium. No lines of iron are visible here, even in the 
photo-form. The helium-gas stars comprise those where 
the spectral lines of helium are prominent, associated 
always with hydrogen, and where, in addition, the 
spectral lines of proto-carbon, oxygen, and nitrogen are 
clearly visible. Descending lower in the scale of tem- 


perature, we come to the proto-metallic stars. In these 
stars the precursors of such metals as iron, copper, 
manganese, nickel, titanium, and calcium make their 
prominent appearance in the proto-metallic form. In 
the metallic stars the proto-spectra become dim and dis- 
appear and we reach a temperature corresponding to 
that of the ordinary voltaic air-arc, as shown by the 
spectra of such metals as calcium, iron, and manganese, 
In the last class of stars we obtain fluted spectra, espe- 
cially of carbon and manganese, while the lines of the 
metallic spectra become much fainter. 

The process of elemental evolution is thus made 
visible to us in its successive stages, owing to the facet 
that the various stars open to our observation are of 
different temperatures and different ages. If we could 
extend our observations over millions of years, we 
should doubtless see the hottest stars, the proto-hydro- 
gen stars, gradually changing their spectra as they 
evolved heavier and heavier elements, until they sank 
to too low a temperature to be any longer visible. With 
the evolution of the elements completed, we enter the 
region of chemical compounds and the evolution of the 
different forms of matter with which our daily life 
renders us familiar. Differing from chemical com- 
pounds, and later in their evolution, we have the col- 
loids, the most complex of which are associated with 
the manifestation of life. Once life appears we enter 
on that steady march from the primitive protoplasmic 
forms to man, with which the biological theory of evo- 
lution has rendered us familiar. Such is the tremen- 
dous generalization toward which modern science is 
progressing. From energy combinations with the ether, 
producing the fundamental unit of matter, the electron, 
we rise through an unbroken sequence to man himself. 
And there we must stop. What course evolution may 
pursue in the future we can only very dimly see. We 
are the last link yet reached of a long chain, but what 
the ultimate destiny of man may be, who shall say ’ 


Manufacture of Antiseptics 

The following statement is issued from the Imperial 
Institute : 

“Hitherto the manufacture of the well-known anti- 
septic, thymol, has been practically confined to Cer- 
many, notwithstanding the fact that ajowan seeds, the 
oil from which is almost the sole source of commercial 
thymol, are grown on a large scale only in India, which 
has thus been supplying Germany with the raw mite 
rial of a valuable industry. No further supplies of 
thymol being forthcoming from Germany owing to the 
war, the price had increased almost eight-fold by Sep- 
tember last, and is even now 21s. 6d. per pound, as 
against 5s. per pound before the war. 

“There is every reason why the United Kingdom 
should now become the chief center for the manufac- 
ture of thymol. The manufacturing process is quite 
simple, and ample supplies of ajowan seed are avail- 
able in India. The Imperial Institute, which has de- 
voted attention to this subject, has now made inquiries 
in India, and is prepared to put intending British manu- 
facturers of thymol in touch with Indian exporters of 
the seed. 

“Fortunately, too, a British possession can provide a 
substitute for thymol if such be required. This sub- 
stance is carvacrol, which is obtained from oils derived 
from a variety of plants, but particularly from the 
origanum of Cyprus. At the instance of the Imperial 
Institute this Cyprus origanum oil is already being pro 
duced in commercial quantities from wild plants in 
Cyprus, and in 1913 was exported thence to the United 
Kingdom to the value of £980. It is believed that the 


plant can be cultivated profitably and on a large sc:le 
in Cyprus, and experiments in this direction are under- 
stood to have begun.”—T'he London Daily Telegraph. 
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Manufacture of Gasoline by “Cracking” Heavy 
Oils* 

Tuat light oils can be produced by “cracking” heavy 
oils has been known, and the process has been practised 
for many years with the object of increasing the yield 
of lamp-oils from crude petroleum. More recently the 
process has been applied to the manufacture of gasoline, 
which is a much more difficult operation. ‘“‘Cracking”’ 
splits up the molecules of the heavy oils into simpler 
compounds without completely disrupting them into 
carbon and permanent gas, and in this way an amount 
of low-boiling fractions are produced that cannot be 
obtained by simple distillation. 'Two papers on the sub- 
ject were read recently before the Institution of Petro- 
leum Technologists by Prof. Vivian B. Lewes, F.I.C., 
and Mr. William A. Hall, respectively. The former dealt 
with the theory of “‘cracking” heavy oils, and the latter, 
to whose paper we are indebted for the following informa- 
tion, describes his own and other processes from a more 
practical standpoint. 

There is no need for us to emphasize the importance 
of any process which enables gasoline to be produced 
from heavy oils. Such oils are available in large quanti- 
ties, and are much more easily transported than highly 
volatile products, so that gasoline can be produced in any 
country. The importance of the “cracking” process 
may also be judged from the fact that the Standard Oil 
Company are operating the Burton process on a scale 
sufficiently large to materially affect the quantity and 
price of gasoline in this country, though their plant was 
only started on a commercial scale about two years ago, 
and in spite of the fact that the spirit produced by the 
Burton process is understood to require the addition of a 
considerable percentage of high-quality gasoline. In Mr. 
Hall's opinion the most economical source of gasoline 
in this country, and elsewhere, will be the gas-works 
where water-gas is made for illuminating purposes. For 
this purpose oil is used for carburetting the gas, and, in- 
stead of “cracking” all the oil into permanent gas, the 
operation might be conducted so as to yield 25 to 50 per 
cent of the volume of the oil as gasoline, leaving the 
balance either as substantially the same gas as would 
ordinarily be obtained, or as a liquid residue equal in 
efficiency to the gas-oil of commerce. It is thought that 
a gas-works could undertake the manufacture of gasoline 
at about one third the capital cost of a separate company, 
and could produce it for about 4 cents per gallon less than 
it could be made in any plant used solely for the purpose. 
There would also be considerable saving in transporta- 
tion and selling costs, owing to the fact that the gas- 
works would be near the point of consumption, so that 
the total cost of the gasoline is calculated at about 10 
cents per gallon. 

There are two distinct methods of working, and each 
system has numerous ramifications. One method is to 
earry out the “cracking” in comparatively large stills, 
where the operation may, or may not, be continuous, but 
there is always a large volume of oil subjected to a high 
temperature while moving at a low velocity. It is to 
this class that the Burton process belongs, and, according 
to Mr. Hall’s experience, the gasoline obtained in this 
way lacks uniformity. The process is also said to be 
slow, dangerous, and uneconomical. According to the 
other fundamental process, which is without these ob- 
jections, the oil is “‘eracked”’ continuously while passing 
through heated tubes. There are, however, many 
difficulties encountered with tubes which are absent 
in the still processes. The most important of these is the 
deposition of carbon, which, according to Mr. Hall, can- 
not be avoided, so that means must be provided for 
removing it quickly and efficiently. In Mr. Hall’s 
process the products issuing from the “cracking’’ still 
at a pressure of 50 to 70 pounds per square inch and at a 
velocity of 5,000 to 6,000 feet per minute, pass into a 
chamber of, say, sixteen times the diameter of the 
“cracking” tubes. It is found that the sudden expansion 
and reduction of speed throws down about 99 per cent 
of all the carbon formed. The carbon is deposited on 
short pieces of piping with which the chamber is filled, 
and which are removed and cleaned as required. A}though 
the bulk of the carbon is removed in this way, some is 
deposited on the tubes of the “cracker,” and this is most 
easily removed by blowing compressed air through the 
heated tubes, though other methods are available for 
for the purpose. 

The process is carried out as follows: The oil, which 
is supplied at a rate exceeding 70 gallons per hour and 
at a pressure of 50 to 70 pounds per square inch, is first 
vaporized in a coil heated by waste heat from the furnace, 
and is then passed into the “‘cracking’’ tubes; the latter 
are 1 inch in diameter, over 300 feet in length, and their 
temperature is about 550 deg. Cent. The velocity of 
the vapor in the tubes exceeds 5,000 feet per minute, 
which is too great for much deposit to be formed; but, 
at the same time, the ‘“‘cracking”’ which occurs is not very 
extensive, as the vapor passes through the tubes in 
about 3 seconds. The vapors issuing from the “‘crack- 


*From Engineering. 


ing”’ tubes pass into a vertical pipe, 12 inches or more in 
diameter and about 12 feet high, entering it through a 
very confined space, which acts as a throttle, and pre- 
ferably impinging against a baffle, so that the velocity 
is reduced very materially. This converts the kinetic 
energy of the gases into heat, and the temperature rises 
about 30 deg. Cent., though the pressure falls to approxi- 
mately that of the atmosphere. In this pipe a large 
amount of “cracking” takes place without the applica- 
tion of extraneous heat. By this method the interior 
of the mass is hotter than the wall of the container, and 
as all the vapors are passing upwards to a cooler part, 
local superheating is prevented; no liquid condensate 
has ever been collected from this chamber. The vapors 
next pass through dephlegmators, which separate all 
fractions boiling below the chosen point of cut, and the 
vapors and gases passing on are conducted, without 
further condensation, into a mechanical compressor 
working at 70 to 100 pounds per square inch, and then 
condensed through a cooler at that pressure. The com- 
pressor fulfils the double purpose of drawing the vapors 
through the secondary “cracking” chamber and the 
dephlegmators, and of chemically attaching to the con- 
densable liquids gases which would otherwise be per- 
manent. After much experiment Mr. Hall has abandoned 
the use of water with the oil, and of catalizing agents, 
such as nickel, as he found no advantage from either. 
The maintenance of the exact temperature requisite 
for the particular oil under treatment was, however, 
found to be of the utmost importance; a change of only 
a few degrees made enormous differences in the quality 
of the products and in the production of gas. 

Crude “‘cracked”’ gasoline is of a yellow color, and has 
a peculiar varnish-like odor, due to the presence of 
resinous carbon colloids. Most of the latter, but not 
all of them, reside in the coloring matter, and, when the 
gasoline is refined to water whiteness, the disagreeable 
odor disappears, but it will frequently return on ageing, 
though the gasoline may remain water-white. When 
such a gasoline is kept for some time in contact with air, 
a resinous red varnish deposit is formed on the bottom 
of the vessel, though if evaporated over a water-bath 
such a deposit may not appear. A gasoline with this 
property would eventually clog the valves of any engine 
in which it might be used. Although this varnish-form- 
ing product is a result of the ‘‘cracking”’ process, it is not 
inherent to all ‘‘cracked”’ spirit. It is a product of high 
temperatures, and ‘‘cracking” can be done at tempera- 
tures so low that the product does not form to any extent. 
At the same time, if the temperature is reduced suffi- 
ciently to prevent the formation of resinous products, the 
yield of spirit may be too small! for profitable working. 
One way of getting over the difficulty is to mix some 
fully saturated gasoline with the “cracked” gasoline, 
but this method has obvious objections. Mr. Hall’s 
method is to work at a temperature sufficiently low to be 
comparatively free from the trouble, and without regard 
to any large conversion in the heated tubes, and then to 
combine the gases with the condensable vapor by the 
compressor, as above mentioned. 

The motor fuel produced in this way is claimed to 
be entirely free from any objectionable odor in the liquid 
state, and to give an exhaust as free from smell as that 
from ordinary gasoline. We understand that such gaso- 
line has been used for thousands of miles in many dif- 
ferent motor cars without any trouble from the sooting 
of plugs or carbonizing of cylinders. There is said to be 
no more tendency to a smoky exhaust than there is with 
gasoline, provided a sufficient quantity of air is supplied 
to produce the best explosive mixture. Almost any 
“eracked” gasoline will give more mileage than gasoline, 
from 15 to 20 per cent increase having been obtained in 
extensive bench and road tests made by Mr. Hall. 
Engines run on “cracked” gasoline are also said to be 
free from knocking due to pre-ignition to an even greater 
extent than is the case with benzol. It is thought that, 
as compared with gasoline, the “‘cracked”’ gasoline burns 
more slowly and ignites more rapidly, and this is the 
explanation offered to account for the phenomenon. 


Temperature Coefficient of Magnetic Permeability 
Within the Working Range 

Tue developments of methods and apparatus for mag- 
netic measurements capable of an accuracy of 1 per 
cent makes it necessary to consider factors which have 
heretofore been considered negligible. 

Many workers have studied the effects of temperature 
on the magnetic permeability of iron and steel. All of 
the investigations, however, have been carried on with 
special reference to temperatures far removed from the 
atmospheric range. However, a few others have made 
some observations at temperatures between 0 and 100 
deg. Cent. which show that induction curves at two 
different temperatures in this region cross each other. 
For low inductions the magnetizing force necessary to 
produce a certain induction decreases with increase in 
temperature while for high inductions it increases. 

The materials examined by these investigators in- 


clude soft iron, mild steel, hard steel, electrolytic iron, 
and nickel. Ewing’ states that “the effects with atmos: 
pheric fluctuations of temperature exert upon the mag- 
netic quality are too slight to require to be taken account 
of in specifying magnetic properties of a sample, or in 
stating the results of experiments.” He gives curves 
for annealing iron wire and also for the same wire 
hardened by stretching beyond the elastic limit. The 
temperatures were 7 or 8 degrees and 100 degrees. The 
data show that for a given induction changes as high as 
0.14 per cent per degree in permeability may occur. 

In magnetic measurements at the Bureau of Stand- 
ards it has been found that for magnetizing forces be- 
tween 100 and 300 gausses the heating due to the cur- 
rent in the magnetizing coils is sufficient to change 
quite appreciably the induction corresponding to a given 
magnetizing force. For this reason it has been the 
practice, when making measurements where an accu- 
racy of 1 per cent is desired, to immerse the magnetiz- 
ing coils in oil, which is maintained at a standard tem- 
perature of 25 degrees. The present work was under- 
taken to determine what the magnitude of this tem- 
perature effect is and whether it is feasible to apply a 
correction for the reduction to a standard temperature 
of data taken at other temperatures. 

Magnetic measurements at different temperatures 
within the atmospheric range have been made on a 
number of materials with different heat treatments. 
The results of these measurements are of such a nature 
that the following conclusions seem to be warranted: 

1. The temperature coefticient of magnetic permeabil 
ity, though small, cannot be neglected in magnetic 
measurements of high accuracy. 

2. On aceount of the wide variation in temperature 
coetiicient, not only for different materials, but also for 
the same material with different heat treatments, cor- 
rection cannot be made to standard temperature from 
data obtained from other materials. 

3. Unless the temperature coefficient is known for the 
particular material under test, temperature control of- 
fers the only means of avoiding the error due to tem- 
perature changes, at least where errors as great as 1 
per cent are to be avoided. Cor ~e often arise in 
practice where the temperature ov be 
raised from 10 degrees to 20 ¢€ 
perature of the room, due eith: 
heavy current or to the use of coils alreauy |. f 
a previous test. Since temperature coefficients may ix 
as great as 0.3 per cent per degree, errors amounting to 
2 per cent or more may exist. 

These conclusions hold in general, even though there 
may be materials which have very small or even zero 
temperature coefficients. 


Correspondence 


[The editors are not responsible for statements made 
in the correspondence column. Anonymous communi- 
cations cannot be considered, but the names of corre- 
spondents will be withheld when so desired.] 

To the Editor of the Screntiric AMERICAN SUPPLEMENT : 

On page 66 of the Scientiric AMERICAN SUPPLEMENT, 
No. 2089, for January 30th, 1915, there is an abstract 
of an article published in the London Times on “Oil 
Filters.” In the tenth, eleventh, and twelfth lines you 
state that the water must not exceed 0.001 per cent in 
oil in order to obtain a dielectric strength of 40,000 
volts in the standard test (0.1 inch between disks 1 inch 
in diameter). 

This, I believe, you will find is an error either in the 
dielectric strength or else in the standard test. If the 
dielectric strength is 40,000 volts for 0.001 per cent 
moisture the standard test is a 0.2-inch gap between 
05-inch disks. But if the 0.1-inch gap between 1-inch 
disks is the standard test, the dielectric strength for 
0.001 per cent moisture will be 23,000 volts. 

Pittsfield, Mass. M. EF. 
To the Editor of the Scitenrivic AMERICAN SUPPLEMENT: 

I was much interested in the two calendars which 
you recently published. I have been working on one 
myself, developing one which was published in the Sup- 
PLEMENT about thirty years ago. I have used standard 
tables taken from encyclopedias, and know that it is 
absolutely correct. I have tested it whenever I come 
across any old dates and have proved it to be accurate. 
I find several errors in the comparative table of the two 
calendars and also misprints. 

October 11th, 1492, is evidently intended to be Octo- 
ber 12th—a historical date which occurred on Friday. 

January 10th, 372, was on Wednesday, not Tuesday. 

January 10th, 572, Monday, not Sunday. 

January 10th, 972, Thursday, not Wednesday. 

September 2nd, 1752, old style is correct. 

September 14th, 1752, should be new style. 

Brookline, Mass. S. ITASELTINE. 


1 Magnetic Induction in Iron and Other Metals, p. 178. third 
edition, Bulletin of Bureau of Standards, by R. L. Sanford. 
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The Evolution of the Etrich ‘“Taube’’* 


How a Seed-pod Was Developed Into An Aeroplane 


Tue evolution of the Etrich “Taube” monoplane, a 
type upon which so many different makes of German 
machines are based, is not only of special interest just 
now on account of the prominence of the “Taube” in 
the daily events of the present war, but is in itself a 
particularly interesting subject from the historical point 
of view. “Taube,” as no doubt, most readers know, is 
simply the German for dove, and, as will be seen later, 
the different types of Etrich machines are designated by 
the names of various birds, owing to the fact that the 
planes are wing-shaped. As a matter of fact, this design 
does not derive its origin from the bird, but from the 
seed-leaf of the Zanonia palm, which possesses remark- 
able gliding properties when dried. From the sketch 
of this leaf (a), Fig. 1, it will be seen that the seed-pod 
has been provided by Nature with a perfect gliding 
mechanism in the shape of a crescent-shaped leaf. When 
the leaf dries the extremities curl both laterally and 
longitudinally, with the result that when the seed is 
ripe and falls from the tree, it makes a long stable glide 
to the ground. This fact was noted in a brochure writ- 
ten by Prof. Ahlborn, and it was this which first at- 
tracted the attention of Herr Igo Etrich, an Austrian, 
whose father, Herr Ignaz Etrich, had started in 1898 to 


Fig. 2. It will be seen that the planes still followed 
very closely the Zanonia leaf, but in order to effect better 
directional control a small elevator was fitted in front 
close up to the leading edge, while it was also possible 
to flex the wing tips. The engine was mounted below 
the plane in the under-carriage frame, and driven by 
means of a chain a crude form of variable-pitch pro- 
peller located slightly below, and almost in the center of 
the plane, a portion of the latter being cut away so as to 
clear the propeller. The pilot was seated in much the 
same position as on the glider, and controlled the elevator 
by means of the pedal, the wing tips and the pitch of the 
propeller blades being operated by hand wheels. The 
under-carriage consisted of two solidly-built skids, and a 
pair of running wheels, supporting the plane about 1 
meter above it by bamboo struts. This machine had a 
span of about 10 meters, and an overall length of 5.4 
meters, the chord at the center being 4.25 meters. Etrich 
had originally intended fitting a 50 horse-power engine, 
but Wels favored one of smaller horse-power, and per- 
suaded him to fit the 24 horse-power engine. The 
ultimate trials, however, proved that this was by no 
means a powerful enough engine, and once again they 
failed to obtain extended flights. It is true that one or 
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earry on the work of Otto Lilienthal, having bought the 
original gliders of that pioneer. A thorough study of the 
Zanonia leaf proved to be no easy matter owing to the 
difficulty first of obtaining specimens and then of observ- 
ing the curves assumed by the leaf when gliding. How- 
ever, a number of paper models were made, and the 
results convinced Herr Etrich that in a machine 
constructed on these lines would be found the solution 
of the problem of making a flying machine automatically 
stable. 

In conjunction with Franz Wels, he set to work, and a 
large glider, 12 meter span and weighing 20 kilogrammes, 
was built in 1904, the framework being bamboo. With 
a load of 25 kilogrammes, several hundred very successful 
glides were made, the apparatus showing a marked 
degree of stability. The success of these experiments 
induced Etrich and Wels to go a step further and en- 
deavor to obtain prolonged horizontal flights. To this 
end they constructed another model, to which they 
fitted a 314 horse-power Laurin and Klement motor 
eycle engine. This machine had two ski-like skids, and 
was tested over snow, but the experiments met with 
little suecess, the machine never leaving the ground, 
owing, no doubt, to insufficient power and the incorrect 
location of line of thrust. The next move was to construct 
the large man-carrying glider (b) Fig. 1, and this was com- 
pleted in 1906. It had an area of 35 square meters, with 
a span of about 12 meters, and weighed, light, 164 kilo- 
grammes. It was built up in three sections, the central 
section being supported on a skid under-carriage. In the 
center, near the leading edge, an opening was cut in the 
plane for the pilot, who stood upright and held on to the 
cross beam in front of him. By swaying his body he 
could, to a certain extent, correct any rolling or pitching 
of the glider, caused by wind gusts, ete., but there was 
no other means of control. With 70 kilogrammes sand 
ballast numerous successful glides were made, some about 
300 meters in length, while equally encouraging glides 
were effected with Wels on board. On October 2d, 1906, 
three flights of 150, 180 and 225 meters in length re- 
spectively were accomplished, the average height being 
about 10 meters. Four more glides were made on Octo- 
ber 8th. All these glides were started by running the 
glider on a small truck down an incline of 28 per cent, the 
glider ‘‘taking the air’ when a certain speed was reached. 
When gliding the speed attained was from 13 to 15 meters 
per second, while the gliding angle was 7 or 8 degrees. 

The experiments of Santos Dumont prompted Etrich 
to try once more power-driven flights, this time on a 
larger scale, so a 24 horse-power Antoinette engine was 
obtained and installed in the glider as shown in (a) 


two hops were made, but these, it must be owned, were 
due to sudden wind gusts. However, they continued 
experimenting along these lines, making various altera- 
tions in design. For instance, the second trials, in 1908, 
were made with a tractor machine (6) Fig. 2. The Zano- 
nia-form plane remained much the same, and the 24 
horse-power Antoinette engine was still employed, but 
the whole machine was considerably lighter. The 
engine was mounted forward under the plane, and drove 
a tractor screw direct, while the pilot sat behind the 
engine, also under the plane. The under-carriage con- 
sisted of a single framework to which was sprung, by 
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means of full elliptic springs, a pair of running wheels. 
Behind the latter were two skids which prevented the 
machine from tilting over backwards. Although in some 
respects a distinct improvement on the previous model, 
this machine also was a failure, and did not appear to 
possess the stability of the original glider, while the 
advisability of fitting an elevator was also demonstrated. 
It was not until the next year, 1909, that Etrich, working 
on his own account—Wels having left him—achieved 
any notable success, making short flights on the old 
Wels-Etrich machine. He had made several altera- 
tions to this machine, (c) Fig. 2, notably the fitting of a 


front elevator, a rear vertical rudder, and a propeller 
mounted immediately behind the trailing edge. He also 
subsequently fitted an Anzani engine in place of the 
Antoinette. The first flight on this old machine wag 
made on July 20th, when a distance of nearly 100 meters 
was flown, after which several other “hops” were accom. 
plished from time to time until it “disintegrated” ip 
September, the same year. In the meanwhile, Eitrich 
was engaged in the construction of an improved type of 
machine on the Zanonia principle, for although he had 
made the old machine fly there was a marked lack of the 
stability experienced with the glider. He was, however, 
convinced he was working in the right direction, and his 
new machine, completed in the summer of 1909, bore out 
his convictions during its ultimate trials. Etrich I, 
“Sperling” or “Sparrow,” (a) Fig. 3, embodied in a crude 
way the main characteristics of the present-day “Taube” 
—tractor screw, engine mounted right in front, modified 
Zanonia-form wings, and elevator-rudder-tail-planes 
mounted on a fuselage extending rearwards from the 
wings. The latter were not so crescent-shaped as tliose 
on the previous types, the leading edge being straight 
for more than one third the span, the wing tips swept 
back and only slightly up-turned. They were built up 
in three sections, and had a total area of 30 square meters, 
the angle of the incidence being 8 degrees. 

The tail consisted of a long narrow surface extending 
from the wings and branching into a fork at the rear, 
forming two rectangular surfaces. These acted as 
elevators, and were peculiar in that they were up-turned, 
In between the elevators was a vertical fan-shaped 
warping rudder. The whole of the tail was carried by a 
girder structure consisting of two longitudinals, one 
above the other. In its original form the under-carriage 
was a clumsy affair, as shown, but later a more efficient 
type was fitted, somewhat similar to that of the Blériot. 
The engine, a 53 horse-power water-cooled Clerget, was 
mounted in the front of the rather wide body frame, with 
the radiators on either side. Behind the engine sat the 
pilot. On this machine Etrich put up several successful 
flights—real flights this time—ranging from 300 meters 
to 41% kilometers in length at a speed of about 70 kilo- 
meters per hour. He found it very stable, and on several 
oceasions flew without operating the control. 

From the experience obtained with this machine Etrich, 
during the latter part of 1909, got out the design of a 
second machine, Etrich II, the “Taube” or ‘‘Dove,” 
(b) Fig. 3, which was the first of numerous subsequent 
“Tauben” that differed but little from the Etrich II. 
Illustrations of various Etrich monoplanes that have 
appeared in Flight from time to time, show how the 
design remained practically the same throughout, the 
only difference being in dimensions and constructional 
details. Etrich II had a span of 14 meters, a supporting 
surface of 32 square meters, and an overall length of 
10 meters. The wings had a somewhat different shape 
to the predecessors, the leading edge being straight for 
nearly the whole span, and only the extremities swept 
back and up-turned. They were in two sections, one 
mounted on either side of a covered-in body, in the 
orthodox style, and cable braced from a central A mast 
on the body. Subsequently a girder understructure, 
extending from the body under the wings, was em- 
ployed as an additional bracing, which formed a feature 
of nearly all Etrich machines until quite recently. The 
tail consisted of a horizontal fan-shaped surface, mounted 
on the top of the body, with a flexible trailing edge 
acting as an elevator. Above and below this were two 
diamond-shaped vertical surfaces, which acted as fins 
and rudders. The engine, a 50 horse-power Clerget, was 
mounted in the nose of the body, and drove a{tractor 
screw direct, while the pilot sat in a cockpit behind. The 
original under-carriage was of the Blériot type, with a 

1 Vol. Il, p. 377; Vol. III, pp. 382 and 973; Vol. V, p. 1127; 
and Vol. VI, p. 899. 
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central hockey-like skid. A large number of important 
flights were made on this machine—completed at the end 
of 1909—with the result that several were constructed. 

The next machine to be built (in 1910), however, was 
more or less an experiment, and differed somewhat in 
construction. ‘The main difference, as will be seen on 
referring to (a) Fig. 4, consisted of the short streamline 
body and the landing carriage. The former terminated 
just behind the wings, which had a similar plan-form as 
Etrich II, where the tail commenced—a similar practice 
to that followed just recently by Fokker on his mono- 
planes. The wings were braced to a central A mast and 
by four king posts, a wheel being fitted to the lower ex- 
tremities of each outer king post. The under-carriage 
consisted of a single central skid, behind which was sprung 
a wheel. The engine, a 60 horse-power Clerget, was 
mounted in the nose of the body, and the pilot sat be- 
hind. This machine had a span of 15 meters, a support- 
ing area of 32 square meters, and a length of 10 meters, 
its total weight, ready for the air, being 460 kilogrammes. 
It had a speed of 80 kilometers per hour. 

Another experimental machine was the “Schwalbe” or 
“Swallow,” (b) Fig. 4, built in 1912. The wings of this 
machine were almost true crescent-shape, the leading 
edge being curved from tip to tip. They were set at a 
dihedral angle and upturned at the tips, and the right- 
hand wing had a small window formed in it close to the 


body. The flexing elevator-tail was swallow-shape, and 
had the usual two diamond-shaped rudder-fins above and 
below it. The body, circular in section, was built up of 
tubular steel longitudinals and wooden rings, the whole 
being covered with fabric. In the nose of the body was 
the 60 horse-power engine, with the radiator immediately 
behind it. Behind this were three seats, one behind 
the other, the last being the pilot’s. The control con- 
sisted of a vertical column and wheel, a backwards and 
forwards movement of the former operating the elevator, 
and a rotating of the latter actuating the rudders; no 
wing warping was employed, the flexibility of the wings 
alone being relied upon to maintain lateral stability. 
The chassis consisted of a central skid connected to 
the body by three pairs of V struts, and a sprung axle 
carrying a pair of wheels. The “Swallow,” which was 
constructed mostly of steel, had a span of 13.25 meters, 
an overall length of 8.7 meters, weighed 45 kilogrammes, 
and had a speed of 112 kilometers per hour with three 
up. Another machine, (c) Fig. 4, was a totally inclosed 
military monoplane built in 1912. The wings were of 
orthodox Etrich form, cable braced top and bottom, 
having a span of 12 meters. The fish-shaped body was 
built up of wooden channel-section longitudinals, and 
wooden rings, covered with sheet aluminium from the 
nose to just behind the wings, and with fabric for the 
remainder. The wings were attached to the body 


high up, and the sides of the body underneath were cut 
so as to form windows. Inside the body were four seats, 
two pairs in tandem, the pilot being at the rear. The 
windows were of wire gauze and celluloid. A 60 horse- 
power Austro-Daimler engine was mounted high up in 
the nose of the body. The under-carriage consisted of a 
tubular axle and pair of wheels connected to the body 
by four tubular steel struts. Later this machine was 
altered, the seats were placed higher up, so that the pilot 
and passenger protruded above the body, while an addi- 
tional wheel was mounted under the nose. Neither of 
these two machines showed to any particular advantage, 
and did not, therefore, form an important part of the 
Etrich programme. Fig. 5 shows the latest form of 
Etrich monoplane. The wings are of a modified Etrich 
form, with the tips only slightly swept back and up- 
turned. They are cabie-braced in the orthodox mono- 
plane style. The tail is of the hinged elevator type, with 
a partially balanced rudder and vertical fin above it. 
The body somewhat resembles that of the Morane- 
Saulnier, the pilot and passenger being similarly seated. 
The engine is an 80 horse-power Gnome, mounted in the 
nose of the body under a metal cowl. The under- 
earriage consists of a central short skid connected to the 
body by two pairs of V struts, and a divided axle, carrying 
a pair of wheels. The outer ends of the axle are connected 
to the body by two shock-absorbing rods. 


A railroad wreck crane that can be operated either by steam or electricity and lifts 120 tons. 


An Electric-Steam Wrecking Crane 

A COMBINATION wrecking crane built for either steam 
or electric power has recently been built for use in and 
about the Detroit River tunnel. It is adapted for ordi- 
bary uses outside the tunnel as well as the special use 
for underground work, and to this end current for oper- 
ation may be taken from a third rail, or from a flexible 
cable carried on the crane; but if outside the limits of 
the electric zone and beyond the reach of the power 
cable, the crane can be operated by steam from any 
outside source, such as an accompanying locomotive. 

In general the construction is like the 120-ton capac- 
ity steam wrecking cranes which are standard on 
American railroads. The car body is 26 feet long and 
9 feet 6 inches wide, and the weight of the crane is dis- 
tributed over a wheel-base of 19 feet 8 inches. Tele- 
scopic outriggers are provided for adding stability dur- 
ing heavy lifting. There are air and hand brakes, 
with provision for both automatic and straight air. The 
complete system is under the control of the operator, 
with engineer’s valve, electric air compressor, etc. 

No boiler is furnished with the crane, but when de- 
sired steam is taken from an outside source through a 
suitable system of piping. This is so arranged by means 
of a steam-tight slip joint at the center of revolution 
that the crane will slew more than 180 degrees in either 
direction beneath the pipe without interference. When 


the crane is operated by electricity this piping revolves 
with the crane. Both the steam engine and the elec- 
tric motor meet equally wel all operating requirements. 

For electric operation there is provided a motor 
wound for 600 volts direct current and having a capac- 
ity varying from 200 horse-power for a short period to 
115 horse-power for one hour’s continuous service. This 
motor will operate on fluctuations of line voltage rang- 
ing from 300 to 700 volts. The controller is of the street 
railway type with cast grid resistance. Current is 
taken from the third rail shoes through a collector ring, 
and is delivered to a switchboard that is furnished with 
all necessary switches for operating the electric air com- 
pressor, cable reel, third rail shoes, lights, etc. 

An interesting feature is the automatic cable reel for 
paying out and reeling in the main power cable. This 
reel has capacity for 500 feet of insulated power cable. 
It is operated by a motor and the automatic control is 
obtained by the action of the motor alone, without the 
use of any intermediate or external mechanical devices, 
such as friction clutches, etc. This motor has current 
on at all times the crane is in service and taking cur- 
rent through the cable, so that practically constant 
torque is exerted by the motor with consequently prac- 
tically constant pull on the cable. Any change in the 
pull on the cable, such as would be produced by the 
crane moving forward or back results automatically 


in the desired paying out or reeling in of the cable. 
The motor is capable of standing “stalled” continuously 
without danger to its parts from overheating. 

The motions of hoisting with either the main or aux- 
iliary hoist, varying the boom radius and slewing, are 
independent of each other, and with loads up to the 
limit of its power, these motions can be performed 
simultaneously. With its maximum load of 120 tons 
the crane is capable of slewing at the rate of a com- 
plete revolution in one minute if deemed of safe speed. 
The boom may be raised or lowered under full load. 
There is provided a special drag or pulling line con- 
nection attached to the underside of the boom. When 
self propelled by either steam or electricity the crane 
has a speed of about four miles an hour, but it may be 
safely hauled at a speed of 60 miles an hour. 

The maximum radius of the main block is 25 feet and 
the minimum is 16 feet. Capacities of the crane are 
as follows: With outriggers in position—Main hoist 
240,000 pounds at 17 feet radius; main hoist 160,000 
pounds at 20 feet radius. With end outriggers only— 
Main hoist, 140,000 pounds at 16 feet radius; auxiliary 
hoist, 30,000 pounds at 25 feet radius. With outriggers 
—Main hoist at right angles, 44,000 pounds at 16 feet 
radius; main hoist at right angles, 32,000 pounds at 20 
feet radius; auxiliary hoist, 24,000 pounds at 25 feet 
radius. 
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The Formation of Ozone in the Upper Atmosphere—I’ 


And Its Influence on the Optical Properties of the Sky 


THe importance of the question of the presence of 
ovone in the air is due to the large influence which 
would be exerted by its occurrence, though only in 
small amounts, on the physical and chemical properties 
of the atmosphere. From the chemical standpoint the 
importance of ozone centers in its powerful oxidizing 
properties, in virtue of which the gas, even when di- 
luted, quickly reacts with all organic matter, and acts 
as a strong bactericide. In this way ozone would be 
expected to take an important part in the purification 
of the atmosphere and in determining the salubrity of 
the climate. From a physical standpoint, its presence 
is mainly of interest on account of the influence it 
would exert on the transmission of light radiated from 
the sun. The absorption of light by ozone is particu- 
larly marked in the ultra-violet region of the spectrum. 
It has indeed been found by photo-electric measure- 
meuts that in a column of gas 16 centimeters long, a 
quantity of ozone amounting to only 0.001 per cent can 
be detected by measuring the intensity of light trans- 
mitted. The particular wave-length for which this ab- 
sorption is a maximum has the value of 258 su, while 
the band extends from about 200 to 300 ys. These 
vulues attain an important significance when it is con- 
sidered that the solar spectrum ceases suddenly at 
20% pe, indicating the probability that light of shorter 
wave-length is absorbed in the atmosphere. As the ab- 
sorption of light by oxygen is not appreciable for wave- 
lengths greater than 200 ys, the above phenomenon 
gives evidence of the presence of ozone in the higher 
atmosphere. In addition to this behavior of ozone with 
respect to ultra-violet light, spectroscopic measurements 
show that this gas gives two well-defined bands in the 
red part of the spectrum. It is on account of this last 
absorption that the gas possesses a marked blue color 
by transmitted light. 

The view has several times been put forward by 
chemists that ozone is present in the upper atmosphere 
in sutliciently large amounts to account for the normal 
blue color of the sky. This idea has not up to the pres- 
ent time been at all generally accepted, but, on the con- 
trary, in nearly all physical researches on the optical 
properties of the atmosphere the presence of ozone has 
been ignored. This omission has arisen on account of 
the absence, until recently, of any definite quantitative 
measurements of the amount of this gas in the air, and 
more especially on account of the larger developments 
of the purely physical theories which, on quite other 
lines, have established some of the main factors which 
determine the nature of sky light. 

On this physica] basis it has been demonstrated by 
Tyndall, and deduced from dynamical principles by 
Rayleigh, that one factor which contributes to this 
cdlor is the presence of ultra-microscopic particles of 
dust, which are present throughout the atmosphere, and 
probably of meteoric and volcanic origin. These parti- 
cles, when the same order of magnitude as the wave- 
length of the light, exert a selective influence on the 
light, causing the short waves which compose the blue 
light to be reflected, while the longer waves, or red 
light, pass on. This phenomenon has also been shown 
tu operate in the production of the greenish blue color 
of glacier water and certain lakes. The atmosphere is 
thus to be considered as a turbid medium; but this ad- 
mission does not necessarily exclude other factors 
which might contribute to the color. 

After the development of the above theory to account 
for the scattering of light, Lord Rayleigh drew atten- 
tion to the fact that, in addition to the part played by 
minute dust particles in this connection, the actual 
molecules of air act in a similar manner, and cause a 
selective refraction of the light. In this way it was 
considered that even in the absence of larger particles 
ot matter, the observed properties of sky light would 
be accounted for. 

In considering selective absorption by the atmosphere, 
it is obvious that the phenomenon of scattering which 
causes reflected light to be blue leaves the transmitted 
light red. In consequence of this, light coming from 
the sky is subjected to a certain absorption causing a 
relative diminution in the intensity of the blue light or 
a relative increase of the red. This absorption is very 
much increased by the presence of condensed water 
vapor or mist in the atmosphere. The yellow or red 
color of the sun when near the horizon, and the color- 
ing of clouds or mountain peaks at sunset, is clearly 
explained by this influence. The thickness of the at- 
mospherie layer traversed by the rays at this time is 


a maximum. The absorbing influence of suspended 
matter present in the lower atmosphere is thus the pre- 
dominant factor in determining the light from the set- 
ting sun. ? 

If scattering the light according to Rayleigh’s theory 
were the sole influence at work here, it would be ex- 
pected that the sun viewed on the horizon would be of 
an invariable color. However, observation shows that 
the nature of this light is very variable, showing that 
the elements in the atmosphere which filter out the blue 
rays of the transmitted light are not constant. Light 
transmitted from the setting sun through a clear sky is 
frequently not so red as would be calculated from the 
theory of scattering. Spectro-photometric measure- 
ments have been made of light from the sun passing 
through a cloudless sky when viewed below the horizon 
from a high mountain. The nature of the light trans- 
mitted under these conditions does not generally con- 
fourm to Rayleigh’s law of molecular scattering, but 
indicates the presence of other factors of absorption. 

Cases have indeed been placed on record where, in 
the tropics, the air was exceptionally dry, the light 
transmitted from the sun on first appearing above the 
hcrizon was green. This, if authentic, would definitely 
establish the presence of a true absorption color of air. 

According to Rayleigh’s theory, if the whole of the 
light proceeding from the sky is the result of scatter- 
ing by molecules and particles which are small com- 
pared with the wave-length of light, then light which 
proceeds from that portion of the sky which is viewed 
in a direction at right angles to the direction of the 
sun’s rays should be completely polarized. It might 
conversely be assumed that if all the light proceeding 
from this region were polarized, its origin would be 
sulely due to the diffraction of molecules and small 
particles. The measurement of polarization gives accord- 
ingly a method of ascertaining definitely the part played 
by selective scattering. The result of such measure- 
ments is to show that the light reflected at this angle 
of 90 degrees is by no means completely polarized, and 
that the proportion of polarized to total light varies 
very largely from time to time. 

Some recent measurements made by Boutric’ in Swit- 
zerland have shown that the degree of polarization of 
light scattered at an angle of 90 degrees varied be- 
tween 0.4 and 0.7 of the total light. Measurements 
were also made on the constant of solar radiation which 
is discussed below. The degree of polarization was 
found to vary concomitantly with these radiation val- 
ues, or in other words, inversely as the absorption of 
the atmosphere. The variation in-these values of the 
polarization, and deductions which have been made 
from measurements on the relative luminous intensities 
ot sunlight and skylight, have shown that it is neces- 
sary to assume that a large amount of light is reflected 
from the sky under conditions which do not conform to 
the theory of selective scattering. This is probably due 
to the reflection of light from particles which are large 
compared to the waves of light, and also to some ex- 
tent from direct illumination by light reflected from the 
earth. The admission of these sources of light opens 
the possibility of the operation of such factors as the 
color of the air itself due to elements which exert a 
selective absorption. 

Experiments have been carried out on the degree of 
polarization of the light of different wave-lengths pro- 
ceeding from the sky. It was found that if blue rays 
are removed from this light by causing it to pass 
through a medium of complementary color (red) so ar- 
ranged that the sky appeared white when viewed 
through this liquid, then the light thus filtered showed 
exactly the same degree of polarization as when meas- 
ured after proceeding directly from the sky. It would 
appear from this that the blue light from the sky is not 
polarized, but that the polarized light is white, and that 
the blue color results from the absorption by the air of 
reflected non-polarized light, or else possibly it is pro- 
duced by fluorescent phenomena in the atmosphere. 

Direct measurements made on the surface of the 
earth of the solar constant of radiation, which is de- 
fined as the radiant energy falling on unit area of the 
earth’s surface, are of course affected by any absorp- 
tion which takes place in the atmosphere. The deter- 
minations made of this constant, which is of very im- 
portant astronomical significance, have shown consid- 
erable variations. Much careful research has been car- 
ried out in recent years to determine the numerical 
value of this constant, but on account of the varying 
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results obtained, there is still a deal of uncertainty eve, 
about the approximate value. 

Careful determinations made by Abbot and Fowle’ jy 
America, at an altitude of 14,500 feet, give a meay 
value of 1.922 calories per minute per square centimeter 
of the earth’s surface. However, marked fluctuations, 
covering a range of 8 per cent, in the radiation received 
were observed. In all cases the values obtained ag 
very closely with those made simultaneously at an alti. 
tude of 5,800 feet. It was concluded that the absorp. 
tion of extreme ultra-viclet rays by the atmosphere did 
not cause an error greater than 1 per cent in the totaj 
radiation received. The observed fluctuations were at- 
tributed to changes in the actual emissivity of the sun. 

In conversation, it was suggested by Mr. R. Rossi te 
the writer that the fluctuations are caused by ozone. 
While the absorption of visible light rays by oxygen 
and nitrogen is negligibly small, water vapor, on the 
other hand, has a considerable influence. Ozone, if 
present in only small amounts, would act similarly in 
causing a marked absorption of the sun’s rays. As 
mentioned above, the presence of this gas in the upper 
atmosphere has been assumed as an explanation of the 
fact that the solar spectrum ceases abruptly in the 
ultra-violet at a point where ozone is known to havea 
deep absorption band. 

THE CHEMICAL ESTIMATION AND DISTINCTION OF SOME 

CONSTITUENTS OF THE ATMOSPHERE. 

The further elucidation of this subject of the optical 
properties of the atmosphere must lie in the precise de 
termination of the presence of such bodies as ozone, 
hydrogen peroxide, and nitrogen peroxide. All of these 
gases have been thought to be produced to a larger or 
smaller extent by the action of the ultra-violet light 
radiating from the sun on to the atmosphere, and :lso 
through the influence of ionization accompanying clec- 
trical discharges in the atmosphere, and through the 
possible action of electrons emitted from the sun. 

Though a very large amount of attention has been 
devoted to this subject in the past, it has not been pos- 
sible to establish with any certainty the existence of 
these gases in the atmosphere. The results obtained by 
different workers in this field have been very discord- 
ant, and very few determinations have been attempted 
at high altitudes. The difficulties of such an investiga- 
tion arise from the small magnitude of the amounts to 
be measured and the great difficulty under these condi- 
tions of making any distinction between the different 
gases in question. 

Of these gases, the one which has always offered the 
greatest interest in considering atmospheric phenomena 
is ozone, and a very large amount of work has been de 
voted to carrying out comparative qualitative tests on 
its presence in air. The means adopted for this estima- 
tion have nearly always consisted in exposing to the air 
absorbent papers which have been saturated with a 
reagent, which reacts with ozone and thereby undergoes 
a marked change in color. In this connection, the use 
of a mixture of potassium iodide and starch, whicl is 
colored blue by traces of ozone, was established by 
Schénbein as early as 1840, and since then a number of 
organic reagents have been applied in a similar manner. 

An investigation was undertaken by the writer’ in 
order to examine comparatively some of the chemical 
properties of ozone, nitrogen peroxide, and hydrogen 
peroxide. Methods were devised of estimating ozone 
when in very small quantities, and distinguishing from 
the other gases which show very similar chemical prop- 
erties. It was found in this work that the colorimetric 
ehange which is brought about by iodine in the reaction 
between ozone and potassium iodide cannot be used for 
any quantitative deductions, and that the method is un- 
reliable even for qualitative results on account of reac- 
tions brought about by the influence of light, by im- 
purities in the paper, and other disturbing causes. 
Similar objections were found to apply to all other 
forms of colorimetric tests. No conclusive distinction 
between ozone and other gases with similar properties, 
which have been considered as normal constituents of 
the atmosphere, has been possible by any of these “iest 
papers.” 

The reagent which finally was found to be most suit- 
able for the estimation of ozone is a concentrated a:jue 
ous solution of neutral potassium iodide, the precauiion 
being taken of protecting the liquid from the light dur- 
ing the measurement. This solution was found to react 
with ozone with great rapidity, even when the gas is 


— 


2 Astro-physical Journal (1911), 33, 191. 
* Chemical News (1914), 109, 73. 


May !, 


yery dilu 
peratures 
over the 
A cure 
which ta 
made wil 
and hydr 
of ozone, 
tion, an i 
the produ 
for a giv 
wit volu 
peratures 
formation 
with 
soliditied 
sium iod: 
products 
by titrati 
sulphate | 
removed, 
mated af 
iodid 
estimated 
On com 
hydresen 
potassium 
limited 
titative s 
tain cone 
evolution 
react will 
mainly ie 


this last 

which en 
gas. If it 
exposed | 
was liber: 
with sod 
further 1 
depending; 
originally 
through 

formed i 


ful retlee 
round dis 
were eitl 
the plane 
ing these 
that thes 

The te 
liam to ¢ 
at times. 
to the di 
filiations. 

In the 
scopically 
Draco, Ww 
that the 
indicate 
discovery 
spectrum 
astronom 
differenti 
and «iste 

In rece 
What neg 
measured 
averuge 
comparal 
sult was 
with the 
their rot 
it were 
the spect 
Babinet’s 
would 
mass of 
ence. Ce 
ity of | 
Method | 
Visu:lly. 
Planetar' 
the aver 
These st 
age radi 
Planetar 
of 40 mi 
able to t 
Which E 


‘ 


1, 1015 


aty even 


OW le* jn 
a mean 
itimeter 
uations, 
received 
| ag 

an alti- 
absorp. 
ere did 
he total 
vere at- 
the sun, 
Rossi to 
ozone, 
Oxygen 
on the 
one, if 
larly in 
ys. As 
e upper 
| of the 
in the 
havea 


SOME 


optical 
cise de 
ozone, 
f these 
rger or 
‘t light 
nd also 
ig «lee. 
igh the 
4 
is been 
en 
ance of 
ined by 
liscord- 
em) ted 
yestiga- 
aunts to 
condi- 
fferent 


‘ed the 
jomena 
de- 
sts on 
astima- 
the air 
vith 
lerzoes 
he use 
hich is 
ed by 
of 
anner. 
ter® in 
emical 
lregen 
ozone 
from 
| prop- 
met ric 
action 
ed for 
is ul- 
reac 
yy im- 
auses. 
other 
nection 
erties, 
nts of 
“est 


t suit- 
ayue 
1ution 
t «ur- 
react 
gas is 


—— 


May 1, 1915 SCIENTIFIC AMERICAN SUPPLEMENT No. 2052 287 
yery dilute. Reaction also takes place readily at tem- dergoing reduction by the potassium iodide with libera- librium is represented by a much smaller value. 


peratures as low as —5O degrees, when the gas is passed 
over the surface of the solidified reagent. 

A careful study was made of the chemical changes 
which take place in this reaction, and a comparison 
made with those brought about by oxides of nitrogen 
and hydrogen peroxide. It was found that in the case 
of ozone, in accordance with the operation of mass ac- 
tion, an important influence is exerted on the nature of 
the products by the quantity of gas circulated and also 
for « given amount of ozone, by the concentration per 
git volume. Thus with very dilute gas, and at tem- 
peratures above the freezing point, —24 degrees, the 
formation of free iodine and hypoiodite results, while 
with 2 more Concentrated gas, and in all cases with the 
soliditied reagent, in addition to these products, potas- 
sium iodate is formed directly. An estimation of the 
products formed in the first case can readily be made 
by titrating the solution with standardized sodium thio- 
suiphute solution until the yellow color of the iodine is 
removed, and in the second case, the iodate can be esti- 
mated afterwards by acidifying, when decomposition 
jnto iodide and free todine occurs, and this last is then 
estimated as before. 

On comparing the above reactions with those given by 
hydrogen peroxide, it was found in this latter case that 
potassium hypoiodite and free iodine are formed to a 
limited extent, but no iodate. The reaction is not quan- 
titative since the hypoiodite formed, when above a cer- 
tain concentration, reacts with hydrogen peroxide with 
evoluiion of oxygen. Nitrogen peroxide was found to 
react with potassium iodide under all conditions to give 
mainly iodate together with some free iodine. With 
this Iast gas a very characteristic property was shown, 
which enabled the detection of minute traces of this 
gas. If in the potassium iodide solution which had been 
exposed to oxides of nitrogen, the free iodine, which 
was liberated after acidifying, was removed by titration 
with sodium thiosulphate, then, on standing in air, a 
further liberation of iodine developed with a velocity 
depending on the total amount of the oxides of nitrogen 
originally absorbed. This change is brought about 
through the catalytic influence of the nitrous acid 
formed in absorbing oxygen from the air and then un- 


tion of iodine. This reaction enables an approximate 
determination to be made of these oxides when present 
in quantities too small to estimate by direct titration. 
The method thus resolves itself into a measurement of 
the rate at which the reagent after acidifying liberates 
iodine when exposed to air. 

While this reaction is characteristic of oxides of 
nitrogen even when present with other gases, hydrogen 
peroxide can also be distinguished by the following 
separate tests. A solution of titanium sulphate in sul- 
phuric acid is colored yellow by traces of hydrogen 
peroxide, and this property forms a distinguishing test 
for this compound. 

In the case of ozone, however, it was not found pos- 
sible to characterize this gas when present together 
with the others. An estimation could probably be made 
in presence of the first two gases, if very dilute, by a 
method of elimination. For this purpose, a determina- 
tion could be made of the sum of the three gases by 
absorbing in acidified potassium iodide, and then de- 
ducting the quantity of hydrogen and nitrogen peroxide 
as determined separately. 

In the measurements made in the present work, it 
was found that nitrogen and hydrogen peroxide are not 
present at high altitudes to any detectable extent, so 
that the problem of the estimation of ozone was con- 
siderably simplified. The manner of applying these 
reagents to atmospheric tests is described below. 

THE ACTION OF ULTRA-VIOLET LIGHT ON AIR, 

It is now a well-established fact that ozone is formed 
by the action of ultra-violet light on oxygen or on air, 
and that if initially above a certain concentration, ex- 
posure to the same light causes a decomposition of ozone 
into oxygen. In either of these reactions, the same sta- 
tionary state is finally reached, representing an equilib- 
rium value, when no further change in the concentra- 
tion of the ozone results. 

It has been found that the actual value of this 
equilibrium quantity varies with the nature of the light, 
and with the temperature and pressure of the gas. At 
a reduced pressure, for instance, the rate of formation 
of ozone is decreased and the rate of its decom- 
position increased, so that we find the final equi- 


Photochemical investigations have shown that light 
which is effective in causing the production of ozone 
from oxygen is limited to the region of the spectrum of 
wave-length below 200 yx. This corresponds to the ob- 
served fact that an absorption point of light by oxygen 
occurs at 193 wu and below. It has similarly been found 
that rays which are effective in causing the decompo- 
sition of ozone lie in the range of wave-length between 
185 and 300 wp, and this agrees with measurements 
which show that ozone absorbs light of wave-lengths up 
to 290 wu, and probably is related to the fact that the 
solar spectrum ceases at about this point. 

The work of the writer has been devoted to the inves- 
tigation of the action of ultra-violet light on air under 
different conditions of pressure, humidity, etc., so as to 
reproduce as far as possible the state prevailing in the 
upper atmosphere, and to obtain some idea of the con- 
centration of ozone that can be reached in this way 
under different conditions. An examination was also 
made to see if other products, such as oxides of nitro 
gen and hydrogen peroxide, are produced by this action. 

At the same time a large number of air analyses as 
described below were undertaken at high altitudes and 
the above compounds estimated.*| The apparatus used 
for these measurements on the exposure of air to ultra- 
violet light was specially designed so that the air could 
be brought into contact with light rays which had un- 
dergone a minimum amount of absorption through in- 
tervening media between the source of light and the 
air. It was also arranged to prevent the temperature 
of the air undergoing exposure from rising to any large 
extent. 

The nature of the light in the ultra-violet region of 
the spectrum radiated from the sun onto the upper lay- 
ers of the atmosphere is not at all known, so that the 
eonditions prevailing in this region could not be repro 
duced in the laboratory. The scope of the present ex- 
periments was consequently limited to the determina- 
tion of the relative formation of the different products 
given under varying conditions by an arbitrary source 
of light. 

(To be continued.) 
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The Planetary Nebulz* 
By Russell Sullivan 

Witten Sir William Herschel first turned his power- 
ful reflector to the skies, he noticed a number of small 
rou! disks of greenish light. He assumed that they 
were either distended stars, or comets at aphelion, or 
the planets which revolve around the stars. After test- 
ing these hypotheses, he cast them aside and decided 
that these tiny disks were hollow shells of gas. 

The term “Planetary nebule” was used by Sir Wil- 
liam to denote these objects and has caused confusion 
ittimes. It refers to the resemblance these nebule bear 
to the disk of a planet and not to any planetary af- 
filiations. 

In the early sixties Sir William Huggins spectro- 
scopicully examined the bright planetary nebula in 
Draco, which marks the pole of the ecliptic and showed 
that the spectrum consists of a few bright lines which 
indicate luminous gas under little or no pressure. This 
discovery, so different from the well-known continuous 
spectrum, might be called the beginning of nebular 
astronomy. Thus the spectroscope made it possible to 
differentiate with apparent certainty between nebule 
and distant star clusters. 

In recent years the planetary nebule have been some- 
What neglected. Little was known until Keeler visually 
measured the radial velocities of a few and found their 
average speedy was about sixteen miles per second— 
comparable to that of the stars. This remarkable re- 
sult was obtained before the days of photographic work 
with the spectroscope. He also attempted to measure 
their rotational velocity, but without definite result. If 
it were not for the concentration of light in a few lines 
the spectra of these objects would be almost invisible. 
Babinet’s criterion, applied to a planetary nebula, 
Would show that the rotation of a huge, attenuated 
mass of gas would be almost nothing at the circumfer- 
ence. Campbell has recently measured the radial veloc- 
ity of the planetary nebule by the spectrographic 
metliod and confirms Keeler’s earlier results obtained 
Visuilly. In the last three years Campbell has found 
planetaries whose average speed is seven times that of 
the average helium star, i. e., the earliest type of star. 
These stars are the slowest known and have an aver- 
age radial velocity of 5% miles per second. Thus the 
blanetaries would be moving through space with speeds 
of 40 miles per second. Such speeds are only compar- 


able to the very high velocities of the faint small stars: 


Which Eddington has recently described. These stars 


* From Popular Astronomy. 


are only visible because they are near, the distant ones 
being too faint for observation. Eddington finds aver- 
uge speeds of 42 miles per second for this class. 

The number of planetaries is not large—they can be 
counted by the score; while the spiral type runs into 
the thousands. Hydrogen, helium, and nebulium (the 
latter terrestrially unknown) are the principal gases 
which form these strange bodies, and there is often a 
central star or haze, implying a certain degree of con- 
densation which would contradict Herschel’s theory of 
a hollow sphere. Some planetaries present an elliptical 
aspect and it is evident that others consist of two or 
three spheres of gas. The majority are probably 
spheroidal and under high powers show a mottled or 
slightly ragged disk. All planetaries, with a few excep- 
tions, lie in or near the plane of the Milky Way. In 
fact, almost all gaseous (i. e., “green”) nebule lie in or 
near the galactic plane. 

There are more planetaries in the Southern Hemi- 
sphere and the available evidence tends to show that 
they are numerous in the Greater Magellanic Cloud. 
Almost nothing is known about their motion at right 
angles to the line of sight. The fact that few plan- 
etaries have wandered far fromthe galactic plane 
would imply that this component is small. Why should 
they have high speeds and still keep to the plane of the 
Milky Way? One would expect lower velocity in con- 
formity with the average early type star of the galactic 
plane. Nor has anything been learned concerning their 
distance or dimensions; they are presumably very re- 
mote, as their close association with the plane of the 
Milky Way would imply, and in size must enormously 
exceed a globe whose diameter is equal to that of the 
solar system. Their low galactic latitude makes it cer- 
tain that they are en rapport with the Milky Way and 
thus are not external to our own universe. 

Stellar nebulz seem to be small or distant planetaries. 
Pickering has found a number of them by sweeping 
with a direct-vision spectroscope ; they are faint, minute 
and almost star-like in appearance. Miss Clerke thinks 
them similar to the planetaries. They are gaseous and 
never lie outside the plane of the Milky Way. 

Wright, Merrill, and Paddock have recently found 
that there is a pronounced resemblance between the 
spectra of stars of the Wolf-Rayet type and the plan- 
etaries. At least three planetaries yield Wolf-Rayet 
bands. A bright planetary in Ophiuchus (N.G.C. 6572), 
which has a nucleus, and a Wolf-Rayet star in Cygnus 
(BD + 30 degrees 3639, found by Campbell to have an 
hydrogen envelop of 5 seconds of are in diameter) are 
spectroscopically planetary nebule with Wolf-Rayet 


stars for nuclei. Both classes of spectra lack the me- 
tallic lines common to the older types of stars. The 
Wolf-Rayet stars are usually assigned to Type O, the 
beginning of stellar evolution, and have small average 
radial velocities, whereas the planetaries have average 
speeds several times as great. It is difficult to recon- 
cile such facts. The Wolf-Rayet type is noted for its 
adherence to the galactic plane and a score or so of 
these stars lie in the Magellanic Clouds as well. 

Fading Nov:e often assume the planetary stage on 
their downward career. Bickerton thinks that they 
have been struck off as “third bodies” after a stellar 
collision and continue their existence as expanding hol- 
low shells of gas. The Nov:e have not shown positively 
that their nebular stage is permanent, as the majority 
have eventually assumed a faint continuous spectrum 
and have become small stars. In this connection it 
may be interesting to note that Noyie often show Wolf- 
Rayet bands in their intermediate stages, followed by 
the spectrum of nebulium. Thus the Wolf-Rayet and 
planetary spectra would appear consecutively. Miss 
Clerke thinks that this period is the middle of a Nova’s 
life. Campbell suggests that planetary nebulke originate 
by stellar collision er close approach. Before a star be- 
comes a Nova the chances are that it has gone through 
several stages of stellar evolution and has thereby ac- 
quired a velocity comparable to that of the fast Type 
M Star (10% miles per second) or the planetary 
nebule; Eddington says the speed is still greater for 
fainter stars of that type. If the planetaries were as 
numerous as the stars we might infer a genesis of plan- 
etaries from old stars. Since they are comparatively 
searce, it seems more likely that they are the wrecks 
of ancient Nove. The number of planetaries and Novw 
is in fair agreement and both classes lie in or near the 
plane of the Milky Way. 

Campbell arranged a number of stars in the order of 
their spectroscopic age and showed that the planetary 
nebule exceed the oldest stars in speed. According to 
Keeler, the great nebula in Orion, of the irregular gas- 
eous type, is almost at rest in space. Evidently one 
gaseous type is much older than the other and there 
may be unknown stages of stellar evolution connecting 
the two gaseous types. If increasing radial velocity is 
a measure of a star’s age, are we justified in applying 
this criterion to the nebule? 

Thus the planetary nebule have Wolf-Rayet affinities 
and are related to the Nove as well, the Nove also 
showing an intermediate Wolf-Rayet spectrum. The 
interpretation of these relations is one of the tasks of 
modern spectroscopy. 
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Gaseous Explosions* 


Tne investigation of gaseous explosions is of interest 
to chemists, physicists, and engineers. The chemist 
studies the laws of combination and dissociation; the 
physicist deals with modes and rates of inflammation, 
variation of specific heat, maximum temperatures at- 
tained, and laws of radiation and cooling; while the 
engineer considers both chemical and physical effects as 
bearing on the practical operation and thermo-dynamics 
of the internal combustion engine. He also interests 
himself in the analogous phenomena of inflammable 
dust explosions as found in coal-mine and flour-mill 
accidents. The matters of interest are obviously nu- 
merous and complicated, and it is accordingly neces- 
sury to limit their consideration to a few points. The 
points selected will be dealt with as they bear more 
particularly on the engineering problems of the internal 
combustion engine. In 1907 the British Association, at 
its Leicester meeting, appointed a committee of inves- 
tigation. This committee has been at work ever since, 
und much eat has been thrown by the experiments of 
its members apon the facts connected with gaseous ex- 
plosions as occurring in closed vessels and within engine 
cylinders having moving pistons. It is now proposed to 
describe some of the work of the committee, dealing 
first with the phenomena of rising temperature, and 
secondly with that of cooling after explosion. 

When a mixture of coal gas and air is ignited within 
a strong closed vessel, it is found that the pressure 
rises rapidly, attains a maximum, and falls relatively 
slowly. To this rapid pressure rise is due the term 
gaseous explosion. Such explosions are obtained with 
mixtures of all inflammable gases or vapors with air or 
oxygen, and very similar phenomena occur with like 
mixtures of inflammable dust. The rise and fall of 
pressure is studied by means of sensitive indicator de- 
vices, which produce tracings on a rotating drum. 

The pressure rise is caused by the formation of flame 
at the ignition point—in this case an electric spark— 
and the spread of this flame throughout the vessel in- 
creases the temperature of the gaseous contents, and 
thus increases the pressure, as in a closed vessel the 
volume remains constant. The rate of pressure rise is 
thus, broadly, the measure of the rate of the travel of 
the flame through the mass; and, if it be assumed that 
maXimum pressure is attained when the whole vessel is 
filled with flame, then it is possible to determine the 
flame velocity by these measurements. 

In these experiments the flame velocity for the weak 
mixture is about 2 feet per second, and for the strong 
mixture 13 feet per second. These velocities are at- 
tained in closed-vessel experiments without a moving 
piston. In actual engine cylinders, where the charge 
hasg,been introduced at a high speed through an inlet 
valve, the flame velocity is much higher, and it varies 
with different types of engines from about 20 to 100 
feet per second. The cause of this variation for similar 
mixtures has been the subject of investigation by Clerk 
and Hopkinson, and it has been definitely proved that 
the higher flame velocity found in working engine cyl- 
inders is due to the residual turbulence of the mixture 
ufter compression caused by the high rate of flow into 
the «ylinder through the inlet valve. In some engines 
the wases forming the charge flow through the inlet 
valve at a rate as high as 160 feet per second. With- 
out this increase of flame velocity in the engine cylin- 
der it would have been impossible to run high-speed 
engines, such as gasoline engines, in an economical man- 
ner. At the lower flame velocity of the closed vessel 
the exhaust valve will be open before the pressure had 
time to rise. The effect of turbulence within the cylin- 
der is marked in other respects. The rate of loss of 
heat from a heated platinum wire to the mass of air 
in the combustion space of an engine is much greater 
for any given point of the stroke when the engine is 
running fast than when running slow, and if the charge 
be trapped, so as to allow several compressions and ex- 
pansions before measuring the heat loss, the turbulence 
has so died down that the conductivity diminishes, 

Another point of interest in gaseous explosions is 
found in the fact, predicted by Clerk many years ago, 
but proved by Hopkinson, that the flame entirely fills 
the vessel before maximum pressure is attained, that is, 
the combustion, even in an explosive mixture of gas 
and air, is relatively slow as the chemical combination 
approaches completion. 

Another point proved by Hopkinson’s experiments in 
a large closed vessel is that at whatever point in the 
vessel the ignition be started, that point is the point of 
maximum temperature during the subsequent pressure 
rise, and at that point the temperature rises about 500 
degrees above the temperature of combustion, due to 
adiabatic compression of the hot gas. 


* Abstract of discourse delivered at the Royal Institution on 
Friday, January 29th, 1915, by Dr. Dugald Clerk, F.R.S. From 
Nature, 


The investigations of Profs. Callendar, Dalby, and 
Coker by means of platinum resistance thermometers 
and platinum alloy thermal couples has proved the 
temperatures attained in ordinary engines to vary from 
about 1,800 deg. Cent. to 2,500 deg. Cent. The néw 
methods of direct thermometric measurement of the 
temperature flame have amply proved, however, the 
general correctness of the older method of deducing 
mean temperature by pressure change. 

The investigations of Callendar, Hopkinson, and 
David on radiation are of great importance, and prove 
that this source of heat loss is only second in magnitude 
to heat loss by convection and conduction. All the 
radiation experiments clearly show the existence of an 
unexpected transparency of flame to its own radiations. 
The radiation work throws much light upon heat dis- 
tribution in the rapidly succeeding explosions used in 
internal combustion engines. 

It was long ago observed by Hirn, Bunsen, and others 
that the rise of temperature in gaseous explosions could 
not be calculated from the then assumed specific heat 
of the constituent gases and the known calorific vaiue 
of the inflammable gas. The deficit of temperature was 
found to be about 50 per cent, and many attempts “ere 
made to explain this deficit, Hirn advocating the theory 
of heat loss on the rising line and Bunsen supporting 
the idea of a limit to temperature due to dissociation. 
Later, the French observers, Mallard and Le Chatelier, 
maintained that at least part of the deficit could be 
accounted for on the assumption of increase of specific 
heat of the gases. Investigations of the members of 
the committee have dealt, not only with the points 
which have been here discussed, but with all these ques- 
tions—heat loss on the rising line, specific heat of the 
constituent gases, heat loss on the falling line, and dis- 
sociation of the combining gases. 

Specific heat work has been in progress by Clerk, by 
Callendar and his pupil. Swann, and much of this work 
has not yet been published. Dissociation has been dis- 
cussed by Dr. J. A. Harker, Prof. Smithells and Dr. 
Bone, and both internal energy and dissociation have 
been discussed by Hopkinson. Ignition temperatures of 
gases have been dealt with by Prof. Harold Dixon, and 
Dr. Watson has studied the nature of the exhaust gases 
from the gasoline engine. Many experimeits, too, have 
been made on the law of cooling and heating of gases 
under compression in cylinders by Hopkinson, Dalby, 
Callendar, and Clerk. 

As a result of this work, the conclusion has been 
arrived at that, so far as explosions in internal com- 
bustion engines are concerned, dissociation has but 
little to do with the limit reached. This limit is partly 
due to increased specific heat at high temperatures, to 
heat loss to the walls, and to radiation from the explo- 
sion. Varying specific heat and increasing radiation 
account for most of the deficit. Allowing for all these 
things, however, it appears now to be established that 
combustion is not quite complete even at maximum 
temperature, and Watson’s experiments on the spectrum 
of an explosion flame appear to support this view. 

All these matters are still under examination, and it 
is hoped that in the near future a much more complete 
knowledge may be gained than at present exists. Much 
is known in a qualitative way, and some quantitative 
knowledge has been attained, but much still remains to 
be done in the way of quantitative determinations of 
matters at first apparently so simple as specific heat. 


Flashlight Signals on the Boston & Maine 


Tue Boston & Maine, which has used flashing acety- 
lene lamps on signals experimentally for nearly two 
years, now has these lamps in use on about ten miles 
of its line, from Parkway Bridge, Mass., to Reading 
Highlands, on the Portland division. This is a double 
track line and there are thirty-six block sections, a 
home and a distant arm on each post. Both arms have 
the flashlights, and they flash from 58 to 62 times a 
minute. The signals at interlockings have ordinary 
steady lights, so that enginemen are able quickly to dis- 
tinguish automatic from non-automatic signals. 

By an automatic regulator in the pipe supplying gas 
to the lamp, the gas is made to flow only one tenth of 
the time, making each lamp glow, for example, one 
tenth of a second and then remaining dark nine tenths 
of a second 

The night signals on the Boston & Maine show white 
for proceed, red for stop, and green for caution. 

Steady acetylene lamps have been used on several 
hundred block signals on the Boston & Maine for sev- 
eral years past. 

The Norfolk & Western has had one of the flashlights 
in use on an automatic signal for the past eight months 
and reports the lamp as not only very reliable, but as 
costing much less than an oil lamp for the same ser- 
vice. On both this road and the Boston & Maine the 
enginemen are reported as much pleased with the flash- 
light.—- Railway Age Gazette. 
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